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Preface 


“In preparing the following pages on mensuration, I have 
been guided by the needs of Indian students. As a result the 
book will be found to differ essentially from most existing 
textbooks on the Subject. Indian units have been introduced, 
numerous questions derived from previous Indian examina- 
tion papers have been embodied, while the arrangement and 
scope of the subject have been carefully adapted to the 
courses of study prescribed by the various Indian examining 
bodies. I have found it possible to simplify the subject by 
arranging the material of each chapter on a uniform plan. 

There is nothing more fatal to a beginner than the 
Careless interpretation of a rule. If he is merely told to 
multiply half the height of a triangle by the base in order 
10 find its area he can hardly be expected to fully understand 
the rationals cf the operation, while his difficulties are 
increased if these two measurements are expressed in 
terms of different units. To avoid this risk, I have made 
the statement of each rule So full and explicit as to leave 
no room for doubt, while for memory purpose, I have 
added an abbreviated version. Only an elementary 
knowledge of Geometry and Algebra has been assumed 
in the proofs of formulae. 


Each chapter contains a series of Illustrative Examples 
worked in full, and concludes with two sets of examples 
for solution by the student. In the first set the examples 
are original and graduated ; in the second they are taken 
from previous examination papers. 

The student is advised to omit the examination questions 
at the end of chapters when reading through the book for 
the first time. 
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ELEMENTARY MENSURATION 
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CHAPTER 1. 
INTRODUCTORY—TABLES 


yh. MENSURATION ie the science which investigates the lengths of 
fines, the areas of surfaces, and the volumes of solids. 

2. In order to measure a magnitude of any kind, it must be 
compared with and expressed in terms of some fixed magnitudes 
of its own kind, which is chosen arbitrarily, and is called a tnt. 
For example, the foot unit may be used in the measurement of 
iength, the pound unit in the measurement of weight. 

g. Tt is convenient to have a set of units for the measurement 
of each kind of magnitude. For example, if we are measuring an 
ayea which is very extensive, we shall find the acre unit or the 
square mile unit more suitable than the sguare inch unit or the 
souare foot unit. R 

4. We shall often find it convenient to speak of corres, bonding 
units of length, area, and volume. If we take any unit of length. 
and on it describe a square, then the area of this square will be 
ihat unit of area that corresponds to the given unit of length. And 
if a cube be constructed on this square as base, then the volume 
of this cube will be that unit of volume that corresponds to the 
given unit of length. 

Thus the cubic foot and ‘the square foot correspond to the: 
unear toot. 

5. The units of length and area most commonly used is 
mensuration are given in the following tables :— 


Linear Measure (English). 
17 inches make 1 foot. 
35 feet make 1 yatd. 
53 YyYa:@s make 1 rod, pole, OF perch. 
40 poles make 1 furlong. 
8 furlongs, or 1760 yards, make 1 mile. 
f ilcs make i leagi 
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Square Measure (English). L 


144 Square inches make 1 square foot. 
9 square feet make 1 square yard. 
30% square yards make 1 square rod, pole, or perch. 
40 square poles make t rood. 
4 roods, or 4840 square yards, make 1 acre. 
640 acres make 1 square mile. 
In the measurement of land, the unit most frequently used is 


a chain 22 yards long, consisting of 100 links, which is aed 
Gunter's Chain. 


‘Thus we have, as an addition to the above tables— 
Too links, or 22 yards, make 1 chain ; 
aod 
I0,000 square links make 1 square chain. 
IO syuare chains.make 1 acre. 


Linear Measure (British Indian). 
8 girahs make r bath. 
2bathss 5M BUzZe 
2} guz 54. ATI lAEtDAS 
“20 lathas or gathas, or 55 English yards, make 1 rasi or jarib. 


Square Measure (British Indian). 
20° biswansi make 1 biswa. 
‘20 biswas, or tT square rasi, make 1 bigha. 
‘Hence 1 bigha = (55 x 55) English syuare yards 
= 3025 English square yards 
= 5 of an at:re. 
However, the bigha varies consideravly in area in different 
Tistricis. 
ILLUSTRATIVE EXAMPLES. 


9. Exrumple 1.—How many yards are equivalert to a length at 
3 ui. 9 fur. 20 po.? 


3 mi. 6 fur. 20 po. 
8 


30 fur, 
40 « 


1220 Do. 
চয 


Broo 
(5) 0) 


670 vas. 
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Eramfle 2.—Reduce 325608 in. to miles. 
12)325608 in. 
3127134 ft cin. 
9044 yds. 2 ft. 
2 


J1)18088 halt-yds. 
40)1644 po. 4 half-yds. 
8)41 fur. 4 po. 


5 mi. 1 fur. 
Hence— 


325608 in. = 5 mi. 1 fur. 4 po. 2 yds. 2 ft. 


Example 3.—How many square feet are there in 3 2c. 2100. 06 
St. pO. 10 sq. yds.? 


3 ac. 2 ro. 14 po. Io yds. 
4 

14 ro. 
40 

574 sq. po. 
30% 


17230 
143% 
173733 sq. yds. 
9 


1563613 sq. ft. 
Example 4-—Reduce 483260 Sq. ft. to acres, 
9)483260 sq. ft. 
53695 sq. yds. 5 sq. ft. 
4 # 


arf re 
195255 
Es quarter sg. yds. = If sg. ya 
4/44 ro. 15 sq. po. 
II ac. ৰ 
“te 483260 sq. ft. = 11 ac. 15 sq. po. 14 sq. yd. 5 sq. ft. 


Examples—I. A. 
1. Reduce 3 fur. 15 po. 4 yds. to yards. 
2. Reduce 2 mi. 7 fur. 43 yds. to feet. 
3B. Express S mi. 6 fur. 19 po. 3 yds. as feet. 
4. How many chains are there in 6 mi. ? 
5. Reduce 3 ac. 2 ro. to square poles. 
@. Redace 4 ac. 3 ro. 14 sq- po. to square yards. 
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‘7. Express 9 ac. as square links. 
8. How many miles, furlongs, etc., are there in 98734 ft? 
9. Reduce 738629 =q- lks. to acres. 
10. Reduce 894671 sq. ft. to acres, roods, etc. 
11 What is the measure of 3 fur. 20 po. when a line measuring 5 yds. 
3 fi. 6 in. is taken as the unit ? 


12. What is the measure of 34 ac. when an area measuring 8 sq. yds. is 
taken 25 the unit ? 
13. What is the unit of length when a distance of 2 mi. measures 220? 
14. What is the unit of area when 2 field of 5 ac. measures 40? 


Examples—I. B. 
15. Reduce 2 lathas 2 guz to girahs. 
18. - Express 400 girabs as lathas. 
7. How many haths are there in 17°5 rasis ? 
18. Reduce 385 English yards to girahs. 
19. Find the number of biswansi in 17 bighas. 
20. Reduce 5321 biswansi to bighas, biswas, etc. 
21. How many biswansi are there in an acre? 
32. Reduce 2 ac. 3 0. 30 sq. po. to biswas. 


CHAPTER I. 


OP RECTANGLES 


JT. A rectangle is a four-sided figure 


having all its angles right angles. - 


‘The length and breadth of a 
rectangle are called its dimensions. 
‘Thus AB and BC are the dimensions 


of the rectangle ABCD. 


When the dimensions of a rectangle 


A 


ie 


are equal to one another, the figure is called 


a square (see fig.). 


> The perimeter (or periphery) of a figure 


is the sum of its boundaries. 
PROPOSITION I. 


"8. Zo find the area of a rectangle, having 


Sven i's dimensions. 

Let ABCD be the plan of a 
rectangular room, such that AB 
represents a length of 8 yds., and 
BC a length of 5 yds. lt is required 
to find the area of the room. 

Divide 42 into eif \t equal parts, 
and BC into five Equal Pars s0 that 
each of these parts will represent 
2 yard. 

‘Through the points of division in 
AB draw straight lines parallel to 


A Lc Ye 


BC, and through the points of division in BC draw straight lines 
parallel. to AB. The rectangle is now divided into five FOws, 
each row containing eight squares, and each square representing 


2 square yard. 


Note that the number of tows is the same as the number of 
yards in BC, and the number of squares in each row is the same 


2s the number of yards in AB. 


~ the rectangle contains 8 X 5= 40 squares, and esc 


wdLare represents a square yard. 


* the rectangular room measures 40 Sg. yds. 
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From this special case we may arrive at the general con. 
clusion— | 

[fF one of the dimensions of a rectangle measure 2 of any 
nnit of length, and if the other dimension measure b of the samt 
snit of Length, then the area of. the rectangle will measure a X & 
of the correspunuing ust of Area. 

Hence rule— 

The number of any linear unit in the length of a redangle mui. 
Spliced by the number of the same linear unit in the breadth gives the 
aumber of the cwvresponding square unit in the area, 

Or brieflvr- - t 

aisz of rectangle = length X breadth 


AS — AX De AS LAA A(T} 
টে) tn f 5 TE + DYER 
.- length of rectangle 7 hreadth 5 
a= EEN an rs) (.) 
STALE area 
and bree. of rectangle = iength 
bs ATT 1 ALY 
a 


PARTICULAR CAD. 
9. Sguare. 
Here the dimensions are equs! to one 
another. . ‘l'hat is— টড 
1 length = breadth = side 
S Now,areaof any rectangle = lgth X brath 38. 
lh “ £. area of square = side. X side 


A 
“দলক EEE 212 «+ side of square 


Hence rule— 


The square root of the number of any square use? in the area 0 


® s]uar? gives the number of the corresponding linens nit tn a Side. 
Or briefly.-— 


side of stiuare = 
2 A 

10. The student must be carefn! 10 
correct interpretation of y 
we say that— 


Iwaxs Ircar in intmd the. 
these abbreviated santemenis. ™ Wheu 


area 
Bad length of rectangie 


Un Kecaungles. 7 


we appear to be asserting that an area when divided by a Dreadth 
gives a length. ‘This, of course, is absurd. What we aire really 
asserting is that, by dividing the number of any squsze unit in the 
area of a rectangle by the number of the corresponding linear unit 
in the breadth, we obtain the number of the corresponding linea: 
unit in the length. ‘The same caution must be observed wher: 
interpreting most of the formule in mensuration. 


ILLUSTRATIVE EXAMPLES. 
11. Example 1.—Find the area of a rectangle whose length is 
7 ft, 5 in. and breadth 2 ft. 9 in. 


) 
i 
3 

H 

| 


Area of rect. = (aX 6) sq. in... . = £8 
Ca= (7 x12+5)= 89, 
andb=(2%x12+9)5=33;5 
". area of rect. = 89 X 335g. in. 
= 2937 Sq in. 
= 2 5y. yds 2 sq. ft. 57 so. in. 
Ea2ample 2.—Find the area of a square | 
field whose side measures 2 fur. 26 po. 
Area of square = @* sq. po. . .§9 
where a = (2 x 40 + 26) = 106; 
«". area of field = (106)? sq. po. 
= 11236 sq. po. 
= 70 ac. 0 70. 56 sq. po. 


Example 3.— Find the rent of a rectangu-  £ —— 
lar field whose length is 10 ch. 25 lks., and TT 271: 26p 
whose breadth is 7 ch. 45 lks., at Rs.30 ér Na 
Per acre. 


Area of field = (a x 6b) sq. ch.. §8,; 5. 
where a = 10°25, <. 
and b= 7°45; Ks 
+ area of field = (10°25 x 7°45) sg. ch. tr 

j 


= 76°3625 sq. ch. 
763625 ac. 
Rs.30 x 7°63625 T5737 ORS 25 USE TNT; 
= Rs.229°0875 

= Rs.229 1 anna 4°8 pies 


<. rent 


8 Elementary Alensuration. 
Example 4.—Find the breadth of a rectangle whose area 15 4% 25, 
#4 whose length is 12 ch. 
Breadth of rect. = = Ch: § 5 


+z 2 where A = 4% X 10 = 45; 
anda=l1I2; 
SEE; TEC SER +", breadth of rect. = 


—_———__—______- Example 5.-- Find the periineter of a squzs. 
WHOSE area measures 53°29 sq. in. 
One side oi the square = /Ain. . 
where A = 5329, 
+. One sie of the square = N/53'29 :n. 
- 73 in. 
and the perimeter = one side x « 
+ the perimeter = (7°3 x 4) iD. 
= 292 in. 


Erampie 6.—The cost oi painting & rectangular wall is Rs. 
{5 annas, at 2 annas 6 pies per square yard. Ji the wall is 38 8 
A0Dng, End its height, 


area of wall = (Rs.5 15 annas + 2 annas 6 pies) sq. yds. 
(95 + 28) sq. yes 


HN 


38 sq. yas. 
x A 
Now, height of wall= ft. 98% 
তত 359 EEE Ct 
where A = 38 xX 9, 
and a = 38; 
+ height of wall = Ee te 
=9t. 
Example 7.—A room is 21 ft. long, 16 ft. wide, and 11 ft. high. In 


At there is a door 7 tft. by 3 ft., and two windows 


টি 8 ft. by ক ind 
Ro of papering the walls with paper 2 ft. wide, বং UE 
yard. + 


area of two side walls 


=2X2IxXI1sq.ft . Es i) 
area of two end walls =2 x 16 Xx II a [i BEBE (RT ্‌ bl 

area of door = 7 xX 3 sq.ft oe AY BAY 
area of two windows = 2 x Bx 4sq.ft SARAH §৮ 


and total area to be) _ ই 
covered with Peper) = 4 walls — one door — two windows 
‘*, total area to be খু 
cnvered with bbe} = (2X2IXII+2xI6Y I1-7X3-2X8X4)sqi 
= 72950. ft. 
Now, paper is sold in rectangular strips , 
oe ired length of = Iequired area of paper ~ 
required length of paper STEGER eet io. 


On Rectangtes. 8) 
= 152 ft. 
= 3043 ft. 
+*. cost of paper at 2} annas a \ _ 
yard, or Ears 2 foot } = 3643 x § annas 
= Rs.18 15 annas 9 pies 


Example 8.—The area of a rectangular courtyard is 2400 sq. 
yds., and its sides are in the ratio of 3 to 2: find the cost of 


fencing it at the rate of 4 annas a foot. 
Let 2 yds. = length of courtyard. 


Then 2 yds. = breadth 
oe) 


5 Eo CITA E88 
= 2400 Sq. yds. 
600 


‘". area of courtyard = & 


Thus length of courtyard = 60 yds. 
and breadth of courtyard = 40 yds. 
Hence— 
perimeter of courtyard = 200 yds. 
“". cost of fencing O00 X 12 annas 
= Rs.150 


Example 9.—Find the cost of paving a rectangular enclosure, 
840 ft. long and 630 ft. broad, with stones each 4 ft. 8 in. by 4 ft. 


6in., at Rs.4a hundred. 


Area of enclosure = 840 x 630 qঃ fe SPL Le § 8. 
area of each stone = 48% x 42 sg. ft. FE 5:8. 
. number of stones required = SATE, 
43 = 4 
Hence cost at Rs.4 a hundred = Rs 


= Rs.ion8 
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Example J0.— There is a garden 100 ft. long and 8o ft. broad, and 
2 gravel walk is to be made of an equal width all round it, so as to 
take up one-fifth of ihe garden: what 

must be the breadth of the walk? 


Let x feet = breadth of walk. 


Then area of! 
rect ABCD) = oe ER 5 
but area of garden = 100 x 80 sq.ft. §8, 
+". area of walk = {100 x 80- (100~- 
2.7) x (80 — 22)} 
Sq. It. 
= (3607 — 442) sq. tL. 
But area of walk = one-fifth area of zarden 


(2) 


এুহততততং 0 


f 
! 
| 
i 
; 
; 
২ 
3 
H 
| 
| 
|| 
[J 


2: — 


2 — 907 + (45) 


*-_ 45 
2 
hence breadth of walk = 4°68 ft. nearly 


Examples—IL. A. 


Find the areas in square feet of rectangles having the iollowing dime Er 4 
1, Length 13 ft., breadth rr ft. 
2. Length 27 ft., breadth 19 ft. 
8, Length 73 ft, breadth 23 ft. 
Find the areas 
following dime 
4. Length 2t. 9 in, breadth 1 ft. 7 in 
5. Length 3 fc. 9 in., breadth 2 ft. 
4, Lengths 5 ‘t, 8 in., breadth 2 ft. 10 in. 


in square feet and square inches of reciangles having the 


1S :— 


Find the areas in square yal 
uaving the following dimension: 

J. Length 2 yds. 2 ft 9in., breadth 1'yd 6 in. 

8. Length 4 yds. 1 ft. 4 in, breadth 2 yds. 2 ft. 3 in. 

9. Length 5 yds. 10 in., breadth 3 yds. 1 ft. 7 in. 


5, square feet, and square inches of Tectangies 


Find the areas in acres of rectangles having the following Gi, SONS :—- 
10. Length 25 ch., breadth 18 ch. SRT 
11. Length 12 ch. 16 Iks., breadth 9 ch. 

12. Length 13 ch. 43 lks., breadth Io ch. 18 Iks. 


Find the areas in acres, roods, poles, of rectancies 
jmensions .— EES folowing 
13. Length 7 ch. 15 lks , breadth 3 ch. ) 
34. Length io ch. 22 lks., breadth 6 ch. 14 lks. 
45. Length 8 ch. 40 lks., breadth 7 ch. 0 Iks. DUS 


Un Rectangles. £E 


Find the length in each of the rectangles having the followiug measure 
ments :— 

16. Area 3 sq. yds., breadth 1 yd. z ft. 

17. Area 1 ro., breadth Io yds. 

18. Area I ac., breadth 40 yds. 

19. Area 7% ac., breadth 5 ch. 

20. Area 59 -q. yds. 15g. IL. 2 sq. in., breadth 6 yds. 1 ft. 7 in. 


Find the breadth in each of the rectangles having the following measure 


21. Area 24 ac., length 16 ch. 
92. Aiea 2 ac., length 110 yds. 
98. Arca 6°35 ac., length 10 0 Tks. 
24. Area 253 ac. 3 ro. 21 po., length 5 fur. 17 po. 
Find the areas in square yards and square feet of squares having the following: 
measurements :— 
956. Side 9 yds. I ft. 
ls e 7 yds. 2 ft. 
27. Side 12 yds. 2 ft. 
98. Side 16 yds. I ft. 


Find the areas in acres of squares having the following measurements :— 


99. Side 15 ch. 

80. Side 13 ch. 29 Iks. 
31. Side 6 ch. 84 lks. 
82. Side 11 ch. 94 iks. 


Find the side of each of the squares having the following areas :— 
83. Area 324 sq. ft. (give the result in feet). 
©" Aren 1'225 ac. (give the result in chains). 
85. Area 54756 ac. (give the result in chains). lL 
ff (26: Area 4 ac. 2 sq. ch. 5104 sq. lks. (give the result in chains an 
INKS 
37. Find the cost of paving a rectangula yard 
28 6 y nl at the rate of Rs.t 12 annas PEE EEA 36. 7g, JoEE EE 
, Find the cost of carpeting a roo) fd i i 
the Sr of Rs.2 per square yard! r RE LR ED 
, What is the area in square yard: 

Ce EA RUSE EEE TEE 
Ee 12 EO of carpet 18 in. wide is required to cover'a floor whose. 
41. The width of a rect: i third i : i if i 
ing SE ctangle is one-third its length: find its area if its 

, ‘The perimeter of a square is 5 yd: in. : i in square 

yards, square feet, and ae DEL! ST টন FG” 

43. The area of a square is 1°05625 ac. : find its perimeter in chains. 

44. Find the cost of putting a fence round a square whose area is 160 sq. 
Yds. 4 sq. ft., at the rate of Rs.2 § annas per foot. i. 

45. If the cost of tiling a floor is Rs.246, at the rate of 12 annas per square 
foot, and if the length of the floor is § yds., find its breadth. EA es 

48. The rent of a rectangular piece of ground is. Rs.500, at the rate .0i 
Rs.12 8 annas per acre : find its dimensions in chains, if its length is four times 
its breadth. > } i Ne 

47. If the ‘cost of a fence round a square enclosure is Rs.208,.2t the rast 
of Rs.3 4 annas per yard, find the area in square yards, t 
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48. How many yerds of pape: 30 in. wide are required tor a wall 18 & 
39 in. long and 16 ft. 6 in. high ? ¢ 

49. Find the cost of carpeting a room 26 ft. long by 21 ft. broad witk 
carprt 1 ft. 6 in. wide at Rs.3 8 annas a yard. 

50. A courtyard is 12 yds. 2 ft. leng and 10 yds. 1 ft. wide : find the cos: 
of paving it with bricks 9 in. long and 4 in. wide, if the bricks cost 8 annas a 
dozen. 


Examples—II. B. 


Find the areas in bighas of rectangles having the following dimensions :— 

51. Length 7 rasi, breadth 5 rasi. 

52. Length 3°8 rasi, breadth 2°4 rasi. 

58. Length 121 yds., breadth 50 yds. 

Find the length of each of the rectangles having the following measute 
ments :— 

54. Area 3 bighas, breadth 10 lathas. 

55. Area 5 bighas 10 biswas, breadth 2 rasi. 

58. Arca 4 bighas 4 biswas 10 biswansi, breadth $0 yds. 


Examination Questions—It. 


A. Allahalad Universit: Matriculation. 

1. A room, whose length is 3o ft. and breadth twice its height, takes 
441 yds. of paper ft. wide for its four walls : find the area of the floor. 

% A rectangular field of 5 ac., 200 yds. long, is planted with trees it 
rows perpendicular to the length, one yard from row to row, and one yard tron 
tree to tree in the same row. Ifa width of a yard all round the field remit 
unplanted, find the number of trees. 

3. Find the cost of lining a rectangular cistern 12 ft. 9 in. long, 8 ft. 3 in 
broad, and 6 ft. 6 in. deep, with sheet lead weighing 8 lbs. per square toot 
and which cost £1 85. per cwt. 


ই B. Punjab University: Middle School. 
4. Find how many students can sit in a room ensuring 20 yas. by 28 it, 
supposing each student to require a space of 4 ft. by 30 in. 


C. Calcutta University : Matriculation. 


6. A room is 34 ft. long, 185 ft. wide, and 12 ft. high : find the expense of 
papcring the walls at 1s. 64. per square yard. 


< D. Luropean Schools: Final. United Provinces. 

8. Find in square feet the total area of the walls, fl i} f 
AEE EE ENB TG BRIT SDC CIT 

‘J. A plank is 18 in. wide: find what length must be cut off that the ares 
‘may be a square yard. 1 |, 

E. Roorkee Engineer: Entrance. 

8. Find the expense of carpeting a room 26 ft. long and 18 ft. broad, wilh 
carpet 27 in. wide at 44. 84. per yard. 
9. A square field contains 31 ac, 0 ro. 10°25 sq. po. : find the length of 2 
side: { 
10. The length and breadth of a rectangular enclosure are 47 yds. 2 fi 
4 in. and 22 yds. 2 ft. If in. : what Should be the breadth of another rect- 
angular enclosure if its length is 63 yds. 1 ft. 5 in., and its area & of the 
ormert 
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11. A rectangular grass-plot, the sides of which are as 2:3, cost £14 8s 
{for turfing. at the rate of 42. per square yard : find the lengths of its sides. 

12. The area of the two side walls of a rectangular room is $06 sg. ft., the 
area of the two end walls 546 sq. ft. : find the dimensions of the room. 

13. Find the cost of lining a rectangular cistern with lead at Rs. 1 2 annas fot 
each square foot of surface, the inside dimensions of the cistern being as follows. 
the length 3 ft. 2 in., the breadth 2 ft. 10 in., and the depth 2 ft. 6 in. 

14. Two square fields jointly contain 6 ac., and the side of one is three- 
fourths as long as that of the other : how many acres in each ? 

15. There is a garden 140 ft. long and 120 ft. broad, and a gravel walk is 
10 be made of an equal width all round it, so as to take up just one-fourth of 
the garden : what must be the breadth of the walk ? 


F. Roorkee Upper Subordinale: Enirance. গ 

16. A country in the form of a rectangle, 600 miles long by 200 miles 
road, supports a population of 20,000,000 : find the average number of acres 
required to support one person. A 

17. The breadth of a rectangular room is two-thirds its length, and it costs 
£39 8s. 8d. to cover the floor with carpet 27 in. wide at 5s. 34. a yard. To 
paper the walls costs £2 3s. 44. with paper 21 in. wide, at 2s. 4d. per piece at 
12 yds. : find the height of the room. 

18. In the centre of a room, which is 19 ft. 14 in. square, a square carpe: 
1S placed, the, rest of the floor being covered by a parquet border of uniform 
width, which is charged for at the rate of 7}4. per square foot. Jf the Carpet is 
charged for at RAE square foot, and the whole cost of carpet and parquet is 
£14 135. 3]d., find the width of the parquet border. 

19. There are two rectangular rooms of the same height, one is 19 ft. by 
14 ft., the other 17 ft. by 15 ft. To cover the walls with paper 2y ins. wide 
at 3r. 0d. per piece of 12 yds. costs £3 12s. 28d. : find the height of the rooms. 

20. Two square rooms, one 2 ft. longer each way than the other, are of 
equal height, and cost respectively £3 145. 9d. and £3 8s. 32. to paper the 
walls at 6]. per square yard : find the height. 

21. How many planks of 14 in. in thickness can be cut out of a piece of 
timber 21 in. thick, allowing [ in. for each saw-cut? 

22. The area of a square 15 22'2 : find the side of a square of half the size. 

23. How many planks, 10 ft. long and 8 in. broad, will be required for 
the floor of a room whose length is 30 yds. and breadth 12 yds. ? 

24. How long will it take to walk round a square field containing 13 ac. 
i089 yds., at the rate of 2} miles an hour? 

25. The cost of a square field, at £2 14s. 6d. per acre, amounts to £27 5s. 
find the cost of putting a paling round the field at 94. per yard. 

26. What is the difference between the superficial contents of a floor, 28 ft. 
long and 20 broad, and that of two others only half its dimensions ? ) 


G. Roorkee Engineer : Final. 

27. The perimeter of one square is 748 in., and that of another is 336 m..= 
find the perimeter of a square which is equal in area to the other two. 

28. The length of a room is double the breadth ; the cost of colourmg the 
ceiling, at 444. per square yard, is £2 12s. 1d., and the cost of painting the four 
walls, at 2s. 44. per square yard, is £35 : find the height of the room. 

29. What length of matting, 3 of a yard wide, will be required for a room 
15 ft. 8 in. long by rr ft. 3 in. wide ; and what will be the cost at 6 annas 
per vard ? - hs 3 Sl» 

80. The area of a rectangular courtyard is 2000 sq. yds. and its sides are in 
the ratio of 1'25 to 1. A pavement of uniform width Tuns along the four sides 
of the courtyard, and occupies half its area : find the width of the pavement. 
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81. Find how many yards of paper will be required for the walls of a room 
“which is 24 ft. long, 19 ft. 6 in. broad, and 14 ft. high, the paper being § yd. 
ide. 

82. A box, without a lid, and made of wood I in. thick, requires paint- 
ing inside and out; its exterior length, breadth, and depth are 3, 2, and 14 ft. 
sespectively : how many superticial feet of paint will be required for each 
coat? y 

H. Roorkee Upper Subordinate: Monthly. 

83. Find how many trees there are in a wood, 1 mi. long and a quarter 
of a mile wide, Supposing, on an average, four trees grow on each square chain. 

34. In a rectangular garden, 120 ft. long and go ft. broad, a walk passing 
round it, with,its outer edge I0 ft. Irom the wall, occupies a fourth part of the 
garden : what is the width of the walk ? 

85. How much paper, i of a yard broad, will be required to paper a room 
which is 22 ft. by 20 ft., and 13 ft. high? 

86. A square field of grain, containing to ac., is to be cut hy a reaper 
“working round and round. ‘Ihe cut cf the reaperis 5 ft.: how many rounds 
must the reaper take to cut three-four.hso th Rela? 

87. The length of a railway is 47} mi., and the average breadth of land 
gequired for its formation 57 yds. : what will be the amount of purchase of the 
land at £50 per acre? 

88. A rectangular enclosure is 120 ft. long and 70 broad ; a walk of uniform 


widih is made round the outside of it equal in area to the enclosure: find the 
“width of the walk. 


I. Roorkee Upper Subordinate: Final. 

89. A room measures 28 ft. by 16 ft. In the centre is a Turkey carpet 
24 ft. by 12 ft.: how much oil cloth would be required to cover the reinainder 
of th - floor, supposing the oil cloth to be 20 in. wide? 

40. Find what lenuth of wall paper, 27 in. wide, will he required for a 
00m 20 fi. long, 16 ft. broad, and io} ft. high. In it are two w.nadows 6 ft, 
by 4 ft., a loor 7 ft. by 4 ft., and a firepiace 4 ft. by 3 ft. 6 in. 

41. Fine how many planks, 12 ft. 6 in. iong by 68 in. wide; will be 
zeguired to floor a room 40 ft. by 20 ft. 


J. Additional Examination Ouest ons.—/1. (For Answers, see p. 167.) 

42. If 11,000 copies of the 7imes be issned daily, each copy con: 
two ‘she and each Sheet being a ft. by 3 ft, low many acr' 
editio,c ver? (Puinjib University: First Examinatin in Civil Engin 

438. A garden is 162 ft. long and 120 ft. broad ; there is a tank in tie 
garden, leaving a space of eq tl width rouad it, and occunying half the area of 
the garden : find the lenyth-and breadth of the tank. (Roorkee Upper Sub- 
ordinate : Monthly.) 

44. The are of a receungu'ar ficld is 1 acres, and its length is half as 
mich again as its breadth. How long will it take aman to walk four times 
roundiit at the rate of 3 miles an hour? (European Schools: Final. U.P.) 

45. A room IS ft. long, 15 ft. wide, and 12 ft. high, contains two doors 
g ft. by 4 ft., and (4ft. from the ground) two windows 4 ft. by 3 ft. ; a dado 
58 fl. high runs round the room : find the cost of papering the walls at 1 anna 
Pp: sqnare foot. (European Schools: Final. U.P.) 

46. A building has 63 windows; 40 of them contain 12 panes each 
@(” X I6”, the others contain 9 panes each 16 in square: find the cost of 
qlxiny the whole at Rs. 2 per square foot. (Roorkee Eugineer: Final.) 


CHAPTER Il. 
ON DUODECIHALS. 


22. WHEN the dimensions of a rectangle are given as compound 
quantities (that is, expressed in terms of two or more units), we 
have found it necessary to express them both as simple quantities 
in terms of the same unit, in order to find the area of the 
rectangle. 

‘J'his reduction may be avoided by the use of duodecimals. 

13. Consider the rectangle 
4BCD. 

Let its length AB be taken 
to represent 3 ft. 7 in, and its 
breadth BC 2 ft. 3 in. 

On the same scale, from A 
along AB, divide off three 
lengths each corresponding to 
one foot, and seven lengths each 
corresponding to one inch ; and 
from C along CC divide off two 
lengths each corresponding to one foot, and three lengths each 
corresponding to one inch. 

Through the points of division draw straight lines parallel to 
BC and AP respectively. We now see that the area of the 
rectangle is made up of several pieces of three different si7es. 

The largest pieces represent squares measuring one foot each 
way (i.e. square feet), and of these there are 31% 2 { 

The smallest pieces represent squares measuring one inch 
each way (i.e. square inches), and of these there are 7 X 3 

‘The remaining pieces represent rectangles measuring one foot 
by one inch, which we shall call superficial primes, and of these 
there are (7 Xx 2+ 3 X 3). 

‘Thus the rectangle ABCD represents an area equal to the 
sum of— 


1) ‘3 X 2 square feet = 6 square feet: 
2) (7 X 2 + 3 X 3) superficial primes = 23 superficial primes 
7 X 3 square inches = 21 square inches 
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mG DEcause a superficial prime is a rectangle measuring One toa 
by one inch, it is evident that 
12 square inches = 1 superficial prime 5 
12 superficia} primes = 1 square foot. 

Tt will be found that the above result may be obtained by ths 
iollowing scheme of work, in which we multiply each term 5 one 
dimension of the rectangle by each term in the other dimension. 

3 1 in. 
2 ft, 3 in. 


3X 250. 7X2 superficial primes 
3% 3 7X3. Mm 
6 sq. ft, 23 superficial primes 27 5q. m- 
and because 12 5g. in. = 1 superficial prime 
and 12 superficial primes = 1 sq, ft. 
1his result may be written— 
8 sg. ft. 0 superficial primes 9 5d. in. We 
In this scheme of work it is seen that 7 inches. when multiplies 
by 2 feet, are assumed to give 7 X 2 superficial primes 5, and ত 
3 feet, when multiplied by 3 inches, are assumed to BIVe 3 
superficial) primes. Sing the 
We are really assuming the law that, by mUltiplyInE (fe 
number of feet in one of the dimensions of a rectangle 
number of-inches in the other dimension, we obtain the nt! 
superficial primes in the area. 
‘This we will proceed to prove. 


j BCD. 
is B represent [ 
A esent 


x 4 in. 

DOE Ane three CO Un PTE EOL 
sepresent a foot, 

Jhivide BC into four equal parts, £ 
sepresent an inch. 8 oh 
BED the points of division draw straig! 

and AB respectively. E al qual parts; 

We have thus divided the rectangle IO EE 
Sach part representing a superficial prime. of feet in 4B} 

Andi thelr number 15.3 X43 tat =? (on 
% number of mches in BC). = 

Hence we arrive at the general 1 
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inear feet X linear inches = superficial primes. 


The scheme of work in the above example may be shortene@ 
hus : j 
#. 
3 7 Working.—7 in. X 2 ft. give 14 primes: put down 
2S 2 primes and carry 1 sq.ft. 3ft.X2tt. give 6 sq. ft. 
— and 1 tocarry: put down 7 sq.ft. 7 in. X 3 in. give 
2 21 Sq. in.: put down 9 sq. in. and carry 1 prime. 
10 9 3 tft. X 3 in. give 9 primes and 1 to carry: put down 
Io primes. Add: 9 sq.in. 102nd 2 make 12 Primes : 
8 0 9 put পে 0 primes and carry 1 sq. ft. 1 and y] make 
8 sq. ft. 
‘The plan of work here depends upon that property of a 
rectangle whose length mea- 
sures (z + 6) units, and whose H 
breadth measures (¢ + 2) units, 2x 4 
viz, that its area is the sum 
of four rectangles measuring 


Xd aX bXd bXe a2xc [5x6 |e 
Square units respectively. 
‘We have found that, when a b 


wAling with a rectangle— 
feet in length X feet in breadth = square feet in area 
feet X inches ,, = superficial primes in ares 
inches ,, X inches = square inches in area 


a 
aft. Xx bf. = (ab) sg. tft. 
a ft. X 2 in. = (ad) superficial primes 
Gin. X bin. = (ab) sq. in. 
where a and % are the numbers which tell the measures of the 
dimensions of the rectangle. 


Let us now introduce the twelfth part of an inch as am 
additional unit of length. 


‘Then a rectangle measuring 75 in. by 7 in. will measure 
Tz sq. in. inarea. 88. 
and a rectangle measuring 1 in. by 3 in. will measure 
33 50% in. in area LT ALS SB 
and a rectangle measuring 1 ft. by 75 in. will measure 
Tsq.in.inatea . ... 4:58 
And we can prove as above that— 
a(ils in. 2 in.) = abl . in; 
EE SE in) = lin) 
aft, X b(75 in.) = ab sq. in. 
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wlitre a and & are the numbers which tell the measures of the 
dimensions of the rectangle. 

We have hitherto spoken of a plane rectangle measuring 1 ft. 
by rin. asa superficial prime." We shall now extend the applica 
tion of the term prime to the twelfth part of any standard unit, 
And so we shall speak of the twelfth part of a linear foot (that is 
an inch) as a linear prime, and of the twelfth part of a cubic হিল: 
as a cubic or solid prime. "i 
°°  Jiurthermore, the twelfth part of a prime, whether it be linear, 
superficial, or solid, we shall call a second. ! 
“+ And this duodecimal subdivision may be carried on to any 
extent. : 
Thus we have— 

£ standard unit = 12 primes (written 12'), 


t 
45 1 prime = 12 seconds (written 12"), 
i 1 second = 12 thirds (written 12"), 
H 1 third = 12 fourths (written 12"), 
5 and so on. 


‘. We may now express the above results as follows :— 
When dealing with a rectangle— 


1 aft. Xb JS. = Abst. 
aft. x b linear primes = ab superficial primes 
aft. Xb seconds = ab 5 seconds 
alinear primes X b Primes = ab oe 
Aref 1 Xb ,, seconds = ab ) thirds 
a seconds XD seconds = ab 1 fourths 
or— ) 
aft. Xb ft. = ab sq. ft. 
“i a ft. X b' = (ab)! 
a ft. X b" = (ab) 
হক a’ X b' = (ab)” 
a’ X b" = (ab)” 


2X b! = (ab) 
where the index shows the or@er of the unit. 

We may here notice a relation which exists between the 
orders Of the factors and the order of their product, and from the 
above results we may deduce the following rule :— 

The order of the product is the Sum of the orders of its Sactors. 
ৰক < 


ILLUSTRATIVE EXAMPLES. 
26. Example 1.— Express 1 5ft. 8h in. in duodecimalg 


Sf. sin. = (15 +15) 
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Example 2.—Express 29 sq. ft. 76 sg. in. in duodecimals. 
29 sq. ft. 76 5q. in. = 29 Tir 


Example 3.— Express 105 cub. ft. 8373 cub. in. in duodecimals. 
a71 
305 cub. ft. 8373 cub. in. = 05 cub. ft. 
A 720 II72 f 
= + 1725 + 1728 cub. ft. চ) abi 
= (105 + Zs + Df TF 1hss TF By sT) CUb, ft, 
(105 + js + 37, HPF TF sf 55) CUb. ft. 
Io5 cub. ft. 5’ 9" 9 4” Ke 
Example 4.-Find by ducdecimals the area of a rectangle which 
measures 7 ft. 9 in. by 5 ft. 10 in. 
Area of rectangle = 7 it. 9in. x 5ft. I0oin, . . $8. 


ft. in. 
TLS 
S Ic 
383 9 
CUT 6 
A526 


*. the area of rectangle = 45 sq. ft. 2 superficial primes 6 sq. in. 


Lxample 5. Find by duodecimals the area of a rectangle which 
EH 6ft. 7 in. 4 twelfths of an inch by 3 ft. 8 in. 7 twelfths of an 
inch. 

Area of rectangle = 6 ft. 7 in. 4 twelfths x 3 ft. Sin. 7 twelfths . . §8. 
= 6 ft, 7 primes 4 seconds x 3 ft. 8 primes 7 seconde 
=6f.7'4"X3f87" 

ve 


(5) io 0 
3ft. 8 yr 
FC CAT Co 
4 14 Tor 8% 
3 10 3 4 
— —————— — —  , 
IY WE TUE TE 


#e aren of rectangle = 24 sq. ft. 6 superf. primes 8 sq. in (or supest 
jf ক) 11 superf. thirds 4 superf. fourths 


4 


it 
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Examples —III. 


Express the following lengths, areas, and volumes in duodecimalss == 

1. 3.7 in. 

2. 13 ft. 81 in. 

3. 9 ft. 6f in. 

4. 10 ft. 75 in. 

5. 8ft. 9] in. 

6. 6 sq. ft. 24 sq. in. 

J. 10 sq. ft. 52 sq. in. 

8. 8 sq. ft. 103 sq. in. 

9. 13 cub. ft, 326 cub. in. 
10. 12 cub. ft, 731 cub. in. 
11. 16 cub, ft, 963 cub. in, 
12. 18 cub. ft. 1362] cub. in. 


Find, by duodecimals, the areas of the rectangles having the following 


dimensions :— 
18. 3ft.7in.; 2(ft, 
14. 4ft.; 3 ft. 6in. 
15. 7 ft, 9 in. ; 5 ft. 4 in. 
Mr $ft.2in.; 3 ft. 10 in. 
TI. 6 ft. 8 in. ; 7 ft. 4 in. 
18. 7 in. 9 twelfths; 6 in, 
19. 8 in. 8 twelfths ; 7 in. 5 twelfths, 
20. 6 ft. 7 in. 10 twelfths ; 5 ft, 8 in. 
21. 10 fl. 6 in, 8 twelfths ; 7 ft. 5 in, 4 twelfths 
29. 9 ft. 10 in. 7 twelfths ; 4 ft. 6 in, 8 twelfths 


CHAPTER IV. 
ON RIGHTANGLED TRIANGLES. 


16. A right-angled triangle is a three-sided rectilineal figure which 
has a right angle. The side of a right-angled triangle which le 
epposite to the right angle is called the hypotenuse. 
The sides of a right-angled 
triangle which contain the right angle [ 
are called the base and Perpendicular 
respectively. S$ 
Thus, in the right-angled AAC, 
AC is the hypotenuse, AB is the 
base, and BC is the perpendicular. 
The base and perpendicular of a 
ight-angled triangle are often spoken 
of as ‘the sides which contain the A 


right angle.” 
PROPOSITION IL 


16. To find the hypotenuse of a 
Hight-angled triangle, having given ts 
base and perpendicular. 

Let 4 BC bea right-angled triangle. 
Let its base 4B and its perpendicular 
BC measure b and $ of the same linear 
unit respectively. It is required to 
find the hypotenuse in terms of & 
and f. 

Now, since— 4 
square on AC = square on AB + square on BC. oT 

and square on AB measures 5: sq. units . . 2 9- 
also square on BC measures f° sq. wits « .« 39. 
.". square on AC = (&2 + 2°) sq. uUnlis 

OG V8 +2: linea’ unit. § 9. 


Ce TuUle— ১ , 
op; the Care of the numler of any linear unit in the base f € 


5452 
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wight-angled tria ole 

unit in the per; 

the number of the s 

Or briefly— t 

hypot. of right-angled triangle = (base) + (perpen): 
h= Vb: FP: . . (i) 


10/2 to the square of the number of the same Linea? 
- then the square root of the sum will give 


linear zunit in the Jeypotenuse. 


Again, because— 
(hypot.) = (base)* + (perpen.)* 
ls (base)? = (hypot.)? — (perpen.)2 
** {(perpen.)* = (hypot.)* — (base)*: 


ঠি base = NV (hypot.)* — (perpen.)? 
fe Bere = NV (hypot.): — (base)? 
Ab TADEEID Te eM Ne (i) 
“lp = /B2=b2, sae eal) 
2 _Note.—It will often be found convenient to use the expression 
N-2) +2) instead of /2—2, and the expression V@A=5 FB) 


instead of //2—%, especially when large numbers are involved. 


PARTICULAR CASES. 


17. 1. Isosceles right-angiled 
triangle. 


Here base = perpendicular 
Now, hypotenuse of any right-angled triangle 
= N (base): + (perpen.)* . . . § 16. 
+". hypotenuse of isosceles right-angled triangle 
= V2 Xx (base)’ or V2 X (perpen.)* 
/ — N28 or N 2p: 
LUA HUA TE DOHA OS 
Therefore, by reversion— * 
base or perpendicular of isos- } fe hypot. 


celes right-angled triangle V2 
h s« 
SUBS EGS CACY) 

2 
2= 5 ELA 2 (1) 


Note. —The diagonal of a square is the hypotenuse of an isosceles 
right-angled triangle. 

2. Hdqviiateral triangle. 

Here the three sides are equal. 


AB— 
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Tet each side’ measure « of any linear unit. That is, 4B 
= BC = CA = a linear units. ই p 
Then, if CD be perpendicular to 


ADI ; linear units 
Now, CD°= AC: — A4D°. § 16. 
CD — (e - )) square units. 


32° - 
= 7 square units 


“. CD = 23 linear units 
‘This important result may De stated thus: 
The height of an equilateral triangle = side X 


Yee 


৫2. 


ILLUSTRATIVE EXAMPLES. 


18. Example 1.—The base and perpendicular of a right-angled 
triangle measure 3 ft. and 2 ft. 3 in. |! 


respectively : find the hypotenuse. ! 
2 Tal [l 

Hypotenuse = /® +2 in. §16. ) 
where b= 3 X 12 = 36, I 
andfp=(2X12+3)=27; i 
*. hypotenuse = G6)? + G7? in. Hh 
9; = N2025 in. fH 

= 45 in. ৰ! 

SCROTAL MMI ME EETE SL Y 


TSR Ta 
Example 2.—A plot of . ground in the. shape of a right-angled 
triangle measures 15 ch. 70 lks. along its hypotenuse, and 12 ch. 56 Ike. 
along one of its other boundaries : find the length of its remaining 
boundary. 
Remaining) _ /j72 #1 
Rs ) = VE=FIks. . § 16 
where hh = 1570, 
and 6b = 1256; 
. Remaining boundary 
V(1570):= (1256)* Iks. 
N(570= 1256X(1570+ 1250) Iks, 
A/887304 Iks. 2 5 
OEE IKE 0 CP UDALL AW? MCE Sieteo 
9 ch. 42 lks. 5742 chs S56 Tks." 


[AML 


4 Etlorezhh, y Mensuration. 


Ea espe 3 —The side of a square measures 2 ft. 9in. : find the 
length of its diagonal. 

The diagonal of a square is the hypo- 
enuse of an isosceles right-angled triangle, 
Whose base and perpendicular are sides of 
theisquares REE UGE 18117: 

«*. diagonal of square = &/2 in. § 17. 
if 6 = the number of inches in the side of 
the square = (2 X 12 + 9) = 33. 

*. diagonal of square = 33 X V2 in. 
= 33X 41421... in. 
= 40°66... in. 


হইত ===> 


4 zample 4.—The diagonal of a square measures 5 ch. 20 lks. : 
nd the length of a side. 


Side of square = 2 ch. . $17. 


where & = 3 
“". Side of square = NE ch. 
5'2X 2 
Nz x Nz a 
=52Xw/2 ch 
2 

= 26 x V2 ch, 

= 36769... ch, 

= 3 ch. 67°69... lks. 


Example 5.—The base of a right-angled triangle is 48 in., and 
the difference between the hypotenuse and the perpendicular is 36 in. : 
find the hypotenuse and perpendicular. 

Let x in. = the hypoten'ise. 


Then (x - 36) in. = the 5 pendicular 
But perpendicular = JM —-Siin. L816. 
‘ where h = x, 


ol ‘. perpendicular = V2 — (48): in, 
” te 130 = NE 
S22 722+ (307 = 2° -— (48)? 
H . 722 = 2304 + 1296 
OE / = 3600 
“ত SEs 


K +. 2 = 50 
““. hypotenuse = 50 in., and perpendicular = 14 in 


/2 6.—A ladder is placed $0 as to reach a window 63 ft. 
high 1 ladder is then turned over to the opposite side of the 
etree i, and is found to reach a point 56 ft, high. If the ladder is 65 ft 


Cin RKight-angiew 17l0nghs গ্ৰ 


idhg, ind the width of the street. 

jet the line 4B denote the width of 
the street, and let the point C indicate 
the foot of the ladder. Then we shall 
have the following measurements :— 


CE = CD =6S5tt. 


BE = 63 ft. 
AD = 561ft fh 
hence AC = BAS (6):ft.§ 16. : 
= 33. 
and CB = 657 C3. § 16. 
= 16 ft. 


But width of street = AC + CB 
', width of street = (33 T+ 16) ft. + MEPs UY 
= 49 ft. A Cc B 
Example 7.—The cost of fencing an enclosure, in the form of an 
equilateral triangle, at 3 annas a foot, amouvts to Rs.56 4 annas 
find the distance from an angular point to the ».iddle point of the 


opposite side. A 
Perimeter of triangle = SHOUTED ft. 
3 annas 
= 292 ft. 
= 300 ft. 
. each side of triangle = i100 ft. 
But if AB, a side of the equilateral A, 
4 BC, measure 100 ft., then AD, the perpen- 
dicular from A on BC, that is, the distance 
from any angular point to the middle point 
of the opposite side, will measure-— B D Cc 
1003 
=~ ft. = SOX IT32 eft 0817. 


= 866... ft 
Example $.—The perimeter of a right-angled triangle measures 


234 in., and the hypotenuse measures 97 in. : find the other two sides 
Let ABC Eb the right-angled HS 
Then AC will measure 97 in. 
Let AB and BC measure x in. and y in. 
respectively. 
Now, (¥ +) +(x)? = 222 + 32) 
=2X(97Y . $16. 
But + +y = 234 — 97 = 137 
2 —-Y = NV2X (97) = (137: 
= 18818 — 18769 
= 49 
=7 
But +3 = 137 
““.S=72 
andy = 6&3 
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Thus the other two sides of the triangle.measure 72 in. and 65 2. 
respective'y 


Examp:e 9. Two roads diverge from a point at an angle of 150° 
to each other. Two persons, one on each road, start from the point 
at the rate of 3 and 33 mi. an hour respectively, and travel for 4 
Hours along their respective roads. What will be the direct distance 
between them at the end of the fourth hour? 


If AB and AC denote the distances traversed by the twe persons 
respectively, then CPB will denote the direct distance between then= a2 
the end of the fourth hour. 

Since ZL CAB = 150° 
7 


i DAB = 30° 
and Z DBA = 60° Yl 
ABNV3 
LAD=—= ue Nr 


But AB measures 3 X 4 Mi. = 12 mi. 
+. AD measures 6/3 mi. 
~CD=CA+AD=(4T+ 63) mi. 
“Again— 
BD=3$ AB ... 
pe = 6 mi. 
and, CB=J/CDEFE DB... 6 
+". CB = J(14 + 6/3): + (6) mi 
~/340 + 1685/3 mi. 
A/ 63098457. - . mi. 
=125°TT 1; mi. 


lil 


Example Io—lIna right-angled triangle the perpendicular ‘is 6 in 
shorter than 33 of the base, and the hypotenuse is 3 in. shorter than 
x of the base: find the base. p 

Let the base measure x in. 

Then the perpendicular will measure (xr — 6) in., and the hy pote: 
muse will measure ($ — 3) in. 

But (hypotenuse)? = (base)".+ (perpendicular), . $16. 
Gr -3 = 2+ 0-6 
Solving this equation, we find— 
2 = 36 


Hence the base measures 36 in. 
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Examples—IV. A. 
“Find the hypotenuse of each of the following right-angled triangles, whose . 
des containing the right angle are iespectively— te 
1. 30 in. ; 72 in. 


If. 
in. ; 3 yds. 1 ft. (give the result in yards, feet, and 
inches), K 
5. I mii. 5 fur. 12 po. 5 4 fur. 5 po. (give the result in miles, furlongs, and 
poles). 

6. 7 ch. 14 1k. ; 9 ch. 52 Iks. (give the result in chains and links). 

TJ. 16 ch. 50'lks. ; 22 ch. (give the result in chains and links). 

8. 2740 Iks., 2877 Iks, (give the resuit in chains). 

Find the remaining side of each of the following right-angled triangles, of 
which the hypotenuse and one side are respectively 
3 136 Iks. 


12. 9 mi. 2 fur. ; 3 mi. 6 fur. 

18. 7 ch. 80 Iks. ; 3 ch. 96 lks. 

14. 8 mi. 6 ur. 36 po. ; 3 mi. 1 fur. 36 po. 2 

15. One side of a right-angled triangle is 126-yds..; the difference between 
the hypotenuse and the other side is 42 yds.: find the hypotenuse and the 
other side. ] 

16. The side of a square is 1 ft. 6in.: find the distance of the central 
point of the square frdm-each corner. f SELLE 

17. A ladder, 15 ft. long, is standing upright against a wall: how far must 
the lower end of the ladder be drawn away from the wall so that the upper end 
LY lowered 3 ft. pb 2) i 

8. ‘The sum of the hypotenuse and one side of a right-ang] iangle i 
1530 and the other side 15 51 in. : find the hypotenuse.” SSE ans ol 
tn: EER DEE Of a rectangie are 2 ft. and 3 ft. 9 in. respectively : find 

59 Kind the diagonal of a square whose side measures 13 in. 
pat SRD ES i j isosceles triangle measures 4 ft. 2 in., andthe 
RCCL oS the perpendicular from the vertex upon the base. 
যা I hie চি) Of a window above the ground if- it is just reached by 
a ladder 9 ft. 2 in. long, the foot of the ladder being 5 ft. 6 in. from the side of 
the house. ন 
28. The hypotenuse Of a Yight-angled triangle is 5 ch., and its perpendicu- 
lar is twice its hase : find its perpendicular correct to two places of decimals. 
24. Find the cost, to the nearest anna, of putting a fence round an ene 
closure in. the shape of a right-angled isosceles triangle, whose hypotenuse 
measures 100 yds., at Rs.3 a yard. Ke }: Ee 
> 25. If a man can traverse a square from corner to corner in 4 min., walking 
3 mi. an hour, find to the nearest foot the perimeter of the square. » 

6. A ladder is placed’so as to reach a window 36 ft. high. ‘The ladder is 
then turned over to the-opposite side of the street, and is found to reach a point 
24 ft. high, If the ladder is 40 ft. long, find the width of the street. 

27. A town, A, is 132 mi. due north of another town, B, and 204 mi. 

AES of a third town, ©: how far is B from a TE fn Bagstaff to 
.. A.piece of. rope,-46 ft..5 in. long, reaches from the top © fi 

# point on He OUT 9 in. fromthe foot of the flagstaff: find the height 

© the flagstaff, i YS 4 


26. Elementary Mensuration 


29. A moat lies in front of 2 tower 1oo ft. high : find the midth of the most 
EES IIS ft. long, will reach from the top of the tower to the opposite 
ank. 
SO. The hypotenuse of a right-angled triangle is 18 ch. : find the lengths 
of the ‘yo sides, one of which is three-fourths the other. 


Examples—IV. B. 

Find the hypotenuse of each of the following right-angled triangles, wiiose 
des containing the right angle are respectively— ২ 

31. 24 rasi ; 7 rasi. 

32. 13 lathas ; 84 lathas. 

93. 85 girahs ; 132 girabs. - 

34. 60 haths ; 221 haths, 

35. 76 guz ; 357 guz. 

36. 145 7asi ; Tasi. 

Find the remaining side of each of the following right-angled triangles, of 
which the hypotenuse and one side are respectively— 

37. 41 lathas ; 40 lathas. 

38. 53 rasi ; 45 rasi. 

39. 109 girahs; 01 yirabs. 

40. 137 haths ; 88 haths. 

41. 205 guz ; 187 guz. 

49. 409 rasi ; 39 rasi. 


Examination Questions—IV. : i 
A. Allahabad University : Matriculation. 


2. In a right-angled triangle the difference of the sides i )! 
bypotenuse En ft. : find both the sides. is 21 ft, and tes 

NY longs stands upright against a wall: how far must the 
bottom of the ladder be pulled out so as to lower the top 3 ft.? 

39. A tower, which stands in a horizontal plane, subtends a certain angle at 
2 point 160 ft. from the foot of the tower. On advancing 100 ft, towards it 
the tower is found to subtend an angle twice as great as before, What is the 
height of the tower? 5 


B. Punjab University: Matriculation, 
4. Two roads EE from বলক an angle of 120° to eachother. Two 
erSONS, one on each road, start from the point at th | 
our respectively. What will be the Ae dist: TBS ETT Ret 
they shall have travelled for 6 hours on their 
5. Given the perimeter of 2 right-angled isosceles triangle = V2 + 1, find 
the hypotenuse. স্‌ 
6. Given the sum or difference of the hypotenuse and one side, and alse 
Ihe remaining side, find the hypotenuse. 4 
7. ABC is a right-angled triangle, Rt led at B ; Dis a point in AB; 
BD = BEC = 33tt 2D + 4G: hd 45. 


C. Punjab University: Midale Sehso. 


8. Find to five decimal places the diagonal of a square of which the siGc =» 
«me mile. Find in acres the area of the square. 

9. The hypotenuse of 2 right-angled triangie is 123 ft, and one He 
9 Fé. : find the other side. 
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10. The side of a square is 6 yds. : find the radius of the ciecle deseribed 
eonnd the square. 


D. Caleutte Untoersity: Matriculation. 
11. A man on one side of a brook finds that he can just rest 2a ladder 20 &. 
long against the branch‘of a tree vertically over the other bank ; the branch 8 
12 ft. above the ground : how wide is the brook ? 


E. European Schools: Final, United Provinces. 


19. Prove that any triangle that has sides in the ratio 3:4:5musc be 
right-angled. 

13. fhe breadth of the bottom of a ditch is to be 16 ft., and the depth 9 ft, 
and the inclinations of the sides to the top 30° and 45°: what must be the 
breadth of the excavation at the top ? 


Lo Madras Trehnical: Elementary. 


14. The span of a roof is 21 ft,, and the rise 7 ft. : find the slope length of 
each side. 
G. Madras Technical : Intermediate. 
15. The radius of a circle is 1 ft. : find the area of 2 square inscribed in 
the circle, 
H. Roorkee Engineer : Entrance, 


186. A square ficld contains 31 ac. 0 ro. 10°25 sq. po. : find the length of its 
diagonal. 

TJ. From a point within a rectangle, lines measuring 16 and 20 in. are 
drawn to opposite angles ; a third line measuring 12 in. is also drawn to one of 
the other angles: find the length of the line drawn from the point to the 
remaining angle. 


1. Roorkee Upper Subordinate: Entrance, 


18. One side of a right-angled triangle is 588 ft. ; th 
nuse and other side is 886 ft fina the Ry BOT and EAE Pe TERT 

18. In the middle of a pond 10 ft. by 10 ft. grew a reed which raised its 
head 1 ft, above the surface of the water. A person standing on the brink, at 
2 middle point of one of the sides, could just draw the top of the reed to ‘the * 
edge of the bank, How deep was the water? 

20. One side of a right-angled triangle is 3925 ft. ; the difference betweea 
be ype and the other side is 625 ft. : find the hypotenuse and the 
other side. 


J. Roorkee Upper Subordinate: Monthly. 


21. A ladder, 25 ft. long, is placed against a wall with its foot 7 ft. from the 
Wall : how far should the foot be drawn out so that the top of the ladder may 
come down by half the distance that the foot is drawn out? 

29. The diagonal of a square court is 300 ft. : find its area in square yards. 
$ 23. Find the area of a square whose perimeter is 3000 ft. 

24, What is the length of the diagonal of the greatest square that cau be 
Cut out of a right-angled triangle, each of whose legs is 40 ft.? z 

25. What ‘would be the cost of thatchinga hipped roof of the following 

ensions at Rs.10 per 100 superficial feet, length and breadth of cave 
108 ft, and 36 ft, respectively, and slope of roof 45° N2=T41421. , 


CHAPTER V. 
ON ANY TRIANGLES. 


19. A triangle is ns figure bounded 
by three straight lines. 

‘The side of a triangle on which 
it may be supposed to stand is 
called its base. The height of a 
triangle is the perpendicular drawn 
to the base from the opposite 
angular point. 

Thus, in the A ABC, BC' may 
0) C be regarded as the base, and 4D 
as the height. 


PROPOSITION III. 


20. Zo find the area of @ Wiangle, having given its base and 
A height. 
F Let ABC be a triangle. 
Let its base BC and its 
neight AD measure & and # 
of the same lihear unit respec- 
tively. It is required to find 
the area of the triangle in terms 
C of band. 
Construct a rectangle EC 
on the same base BC; and of the same height AD. 
Now, since— 


area A 
cs area of AABC 


L area of rectangle EC’ .  Euc. I, 41. 
1x BC x CE: TRIACS 01988. 
X BCX AD 

Lb X 2 square units 


“Hence rule— 
Haultiply the number of any linear unit in thie base of a ae 
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dythe number of the same linear unit in the freight, then half The 
Product zwill give the number of the corresponding square unit in The 
a7ed. 


Or briefly— 
‘Phe ares, of a triangle = 3 base X height 
2b. 


A= SES (.) 
3 Ee a 
. the height of a triangle = ARO 
2A 5 
EES Se As 2 oi (Ge) 
h= (i) 
and th base of 2 triangle = ~ 2 BT68 
height 
9A ৰ 
ELSE VME AERA ‘sr hele (lil 
b= (ii) 


PARTICULAr CASES. 


Al trinngle 
Le tnanzle 
Davin a by 
“Then, a U regal dd as the | 
base‘of the triaigie, oC will evidently 


be its height: 
NOW, area of 
av trianvl ত শা 
AOA trlancle vs =IxACxpBC Ua i 
‘. ines Df any rigut-angled tangle = ফ Ss (product of sides con- 
taining the right angle) 
= Yad square units 
2. Isosceles right-angled triangle. 
. Here the sides containing the right 
angle are equal to one another. 
That is, a = 


A) 


=} axe - height: § 0. 


Hence— 
Area of any isosceles right-angled triangle 
= ¥ X (square of one of the sides con- 
taining the right angle) 
= ja square units 
3. Equilateral triangle. 
Let ABC be an equilateral triangle. 4 
“Let each side of the triangle measure.a of any unit of lengtiy.. 


32 Elementary Mensuration. 


€ Then we know by § 17 that the 
height of the triangle will measure 


Ee of the same unit of lehgth. 


Now, area of} _ 1 5 
Cry Es = ¥ base X height § 230 
. Area of ecuilateral triangle ABC 
an 3 3 
=X কন square units 


B = a square units 


ILLUSTRATIVE EXAMPLES. 


39 Example 1.—The base of a triangle is 4 yds. 2 ft., and its 
height is 5 ft. 9 in: find its area m 
square yards, etc. 

Area of triangle = Ybh sq. ft. § 20, 


where b= (4X 3 +2) = 14, 


and # = 5%; 
CETTE ZYds JE 7 t,areaoftriangle = ¥ X 14 X Sf sq. ft. 
= 40% ডু ft. 
= 45q.yds.45q.ft.365g.in. 


Example 2.—The area of a triangle is 3 ac., and its height is 3 ch. 
15 lks. ; find its base. Yr 
Base of triangle = * Shes ised alg ste e820. 


where 4 = 3 X 10 = 30, 


and & = 375; $ 
“, base of triangle = FL ch, 
8 ; ১ = —- Ch, 
3°75 র 


Example 3-—Ina right-angled triangle the area is 1 ro. 20 5q. po., 
and one of the sides containing the 

right-angle is 66 yds.: find the 

other side. 

Area of right- ) 

angled triangleJ 

where 6 = 66; 


$4 = 19- 


[) 
where A = (t x 40 + 20) x 
EBL 0) X 30% 


2 the other side = 2 S02 30k yes 


= Yad sq. yds. $21 


ir 20 $9 pe 
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Example 4.—Find the side of an equilateral triangle whose area 

measures 3 ac. 

Area of a) ENE 
triangle রক 


where A = 3 X 10; 
“". the side of the } | UE 3X IO 

be 22 = ERS ON 
equilateral triangle V3 

='8'32 - .. Ch. 

Example 5.—From a point within 

an equilateral triangle perpendiculars 

Are drawn to the three sides, and are 

6, 7, and 8 ft. respectively : find the 


area of the triangle. 

Let each side of the triangle mea- 
surc a feet. 

Then— 


Area of } 
triangle 


|) 


(¥.a.6+3.a.7 
+%.a.8)sq.ft. §20. 

2Ia - 

= =>: sq ft, 


But area of equilateral triangle of side a ft. = 23 sq.ft... .§328 
2 4 ke 
HES BC 
4 z 
= Ee = 1403 


IR Re) 
(14/3). V3 sq 


Hence area of triangle = 
= 2546: 2 sqft 


Example 6.—Find the side of the greatest i 
square that can be cut out of a right-angled 
triangle whose sides measure 28, 45, 53 ft. i 
respectively, th such a way that an angular i 
point of the square lies on the hypotenuse , 
of the triangle. fH 

Let each side of the square measure x ft, 

Now, if A BC be the triangle, and DFCE 3 
the square, Elo 


AE will measure (45 - ft if 
BE 5 OI ES i 

Hence A AED ;, 2 3.045- D2 
3 sg. ft. § 20. 
and ADABFD 5 on $.(08- ri > LS 
sq. ft. § 20. C-=====-- Dg F-7--=:B 


[5] Elementary Mensuration. 


Thu; we have— 


1.045 - 52+13- EEE =3.28 45 
* 732 = 28 x 45 
: + = 1738 
Hence side of square measures 17+ ft. 


PROPOSITION IV. 


BB. Tefind the area of a FONE Javing given its three sides. 
et ABC be a triangle. 

Eon A draw AD perpendiculat 
to BC. 

Let BC, CA, 4B, AD, BD 
measure a, 6, f, #, f of the same 
linear unit respectively. It is re- 
quired to find the area of the 
triangle in terms of a, b, 6. 

Now, since— 
area of any triangle = ¥ X base X height . . § 320. 
“areaof A ABC=1IXBCXAD 

= ¥ X a X A sq. units 


fe is now necessary to express 2 in terms of 0, 6, and ¢. 
To do this we shall find it convenient first to determine 2. 
Now, AD? = 4B? — LBD occ 6 
thatis, # = -— 
Also AD? = AC? —- CD: § 16 
that is, # = #2 — (a —p): (. CD = BC — BD) 
stp = 2 -— (a — 2)? 
= b — a? + 208 — p? 
.200=02+ 2-0 


a+ ab 
VAT TEED 
in ee? = — pt 
Agein, = Pa CNS 0 


3 
BHC -( a) 
=(€- EEE AEE EL 
} SE CET (EEA ED 


20 


LG: (c+ a)* — 6: 
24 
Ls 
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Now puts = “5+ 
sothats—a= ttc _ a= ite-¢ 
EB ES EE 
abe at b-t 
s-c= c= 2 
OO LEE LEE SEE CEEOL s GPO OL) 


2. 2 2 3 


c#=(s-als—)s-—bsX 


NESTED TT) 
a 


Jeu Area Of ne its = /SGEa)G=B)G—0) i 
EERE tha sq. units = Vs(s—a)(s—b)(s— 0) sq. units 
Hence rule— 


Subtract each side of a triangle separately from the semi-perimeter ; 
multiply together the numbers of the same linear unit in each of the 
three remainders thus obtained and in the semi-perimeter ; then the 
square root of this continued product will give the number of 
the corresponding square unit in the area. 


Or briefly— 


(mm Of sides _ first side ) 

চ্ ( sum of sides 
2 > 

(2 Of sides 


— second side ) 


— third side ) { 


“A = Vs(s — a)(s — b)(s ~ 0) 
Note.—When the expression s(s— al(s — b)(s— 0) is a perfect 


square, it is possible to write down its square root from inspection, 
by resolving it into factors. 


Thus— 
5454 — 27054 — 36)(54 — 45) 


N54X 27 XI8X9O LE 
VNIX3XEXTIX3X২9*%২2* 
9X9IX3%2 

486 


UAH 


Elementary Mensturation, 


PARTICULAR CASES. 
324. 1. Equilateral triangle. 
Here the three sides are equal. 
g 22 NCR 
ESE 


2 
Hence area of equilateral triangle 


VCE} 


5q. units 
37,.0,.a,0 a 

=N/ 7 2°32 25d units 
5 2B 


N32 Sq. units 


This result has been previously obtained in § 21. 
2. Isosceles triangle. 
Here two sides are equal. 
That is, a = b 
_ +320 


2 
Hence area of isosceles triangle 


BCLS LI 
MEL c+2a Ne (4 4) 

= —-a ——a =? 

2 2 ৯2 23 

Sq. units 
cH 20 c CT 20-0 a 
= I = — Sq. units 
2 242 2 


3. Right-angled A 
Here c= V/@ + %, if ¢ is the measure of the hypote- 
LUSEPINT NES § 16. 
UL Va+H 


2 
ands — a — WEED TEs 


, 
s-bz=N@2t Paci 


= 


2 
s—-cz=ti- Vath 
z 
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‘* area of right-angled triangle Ee 
= NI VET (G+) VEER 
2 2 


ATE 2 EC) TED = EY ©} sg. units 


= VE b 2a Sq. units 
AME 
= Sq. units 


- This result has been previously obtained.in § 31. 


ILLUSTRATIVE EXAMPLES. 


35. Example 1.—Find the area of a triangle whose sides are 51, 37, 
and 20 yds. respectively. d 

Area of triangle = V/s(s = a) = 5G = ©) sq. yds. . § 33. 
wherea= 51,6 = 37, €= 20; 2 


rss 37 

ands~a=54-51=3 oot 

Sb 54 BNET 3 EE - 
3-৫ =54-20=34 

“ area of triangle 


== টোল 


N54. 3.17.34 sq. yds. 
N2° Xx 3X 32 X IT sG. yds. 
2X3 %X3X17sq. yds. 
306 sq. yds. 

Example 2.—Find each side of an isosceles triangle whose area 
measures 0°03 sq. ch., and whose base measures 40 Iks. 


Area of isosceles triangle = rE — sq. lks. . § 24 
But area of triangle = 0°03 sq. ch. 


= 300 sq. Iks., and ¢ = 40; 


+. 2=25 
Hence each side measures == 70 LR > 
25 Iks. 4 2 Ee 
Lxample 3.—A lawn is in the form of an isosceles triangle. ae 
Cost of turfing it came to Rs.600 at 6 annas per square foot. 8 
base be 72 ft. long, find the length of each of the sides. 


Area of isosceles triangle = FOL =asq.ft .. $21 


ব্ঠ Elenientary Mensuration, 
where a = the number ot feet in 2ach side, 
andc= 72; 
‘". area of isosceles triangle = 7 V/4@ - (72) sq. ft. 


total cost of turfing 


Now area of lawn = ( Sost of turing a square fot ) sat 
600 Xx 16 
= £৭. ft. 


1600 sq. ft. 


= 1600 


5184 = 2690 = 2g 
4a? — 5184 = 243900 
“4a? = 49000 4 5184 

= 1059904 


“কক 72 Hence each side of the lawr 
measures 57°19+ ft. 


Example 4.—The sides of a triangle are 13'6, 125, 99 in. respec: 
Wvely: find the distance of the longest side from the opposite vertex. 


Area of triangle = Vs(s— a)(s = BG = sq. in. . § 23. 


LU ELS 61251299. 


= 18 
and s—-a=18-136=44 
$-%=18-12:5 = 5'5 
h ESO ET 
*- area of triangle = V/18 xX 44 x 55 x 8'1 sq. in. 
= 352836 sq. in. 
্‌ A = 59°4 sq. in. 
Now, 3 xX required dis- ্‌ 
taLCEN longest Side } = area of triangle . . . . $320 


«es 3 X required distance = Ee Of Tangic 
longest side 


ই 0) SMES 6 
oe 1 1 = in. 
= 88% in. 


Example 5.—The three sides of a trian 


le are 44,42, and 43 in 
sespectively. Jf the first side is given as in. instead of 44 in. be 


Or any Triangles. 39 


wfstake, what will be the extent of the error in computing the area of 
the triangle ? 


True area = VSS =a)(s = 6)(s =) sq. in. . . 5323. 
where a = 425, 
BL 2555 
€= 475; 
॥= 4235445 + 475 


. true area = 5, "5 X 2'25 x 25g. in. 
= ~/759375 sq. in. 

= 8714 + Sq. in. 
Computed area = VSG - als = 6)(s = 0) sq. in. 
"25, 


UNE ANS 
«. computed area 


25 X 3X I75XI15sq.nm 
‘21875 Sq. in. 
7°0I15 + sq. in. t 
true area — computed area 
{(8:714+) — (70151) } sq. in. 
169+ sq. in. 
Example 6.—The sides of a triangle are in the proportion of the 
numbers 9, 10, IT ; and the perimeter is 300 ch. : find its area correct 
to the nearest square chain. 


Area of triangle = Vs = alls = Bs = 0) sq. ch. - § 323. 


“. error 


UOT 


where a = % 300 


9+ 10+ 
= 3 x 300 


Eee Elementary Mensuration. 

"5 “. area of triangle = W150 x € X 40 sq. ch. 
VION XA 5X 32 X 22 X 2 sq. ch. 
I00 Xx 5 X 3 A 2/2 sg. ch. 
3000/2 sq. ch. 
= 3000 A I'414 sq. ch. nearly 
= 4242 sq. ch. nearly 


lil 


Example 7.—What is the side of that equilateral triangle whose 
rea GUSsts as much.to pave at 10 annas a square foot as it would cost 
to fence the three sides at Rs.12 a yard? 

Fet each side measure x ft. 


“. Phen the area of the triangle will measure a STENNIS 275 


: IO X 22/3 
‘". cost of paving at 10 annas a sq. ft. = IOXETNG annas 


Again, perimeter of triangle = 32 ft. 
«". cost of fencing at 
Rs.12 a yard or} = 4 Xx 32 Rs. 
Rs.4 a foot 
= 16x 4X37 annat 
But cost of paving = cost of fencing 
IO xX 25/3 


4 


16X 4X34 
orx= V3 
128 X 1'73205+ 


5 
4434+ 


lt 


LExample 8.—The sides of 2a 
triangle are 21 ft., 20 ft., and 
13 ft. respectively : find the areas 
of the triangles into which it 
is divided by whe perpendicular 
upon the longest side from the 
opposite angular point. 
্য Let A #C be a triangle having 

Y AB=21 ft, AC= 20 tt, and 
IBA BC LEG 
Then— 
Area of triangle = /27 X86 X 7 X 14 5G.ft. , "$23. 
= 126 sq. ft. 
Again, if 2 ft. denote the measure of CD— 
Re area of triangle = EX PX 2I5q.fh . . $30 
SE XR LX2 126 
SUV 
‘Again, let AD measure a ft, 


r 


0) 
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Then a = VCO — (12): - . . §16. 
6 £ 
Hence area of A ACD = 3 x 16 x 12 sg. ft. . . § 20, 
= 96 sq. ft.. 
and area of \ BCD = A ABC —- AACD 


(126 — 96) sq. ft. 
30 sq. ft. 


Examples—V. A. 
Find the areas of the following triangles, having— 
\ 1. Base 23 ft., height 16 ft. (give the result in square eet). 
2. Base 3 yds. 2 ft., height 4 yds. 1 ft. (give the result in square yards and 
square fect). :) 
8. Base 4 yds. I ft. 9 in., height 3 yds. 2 ft. 7 in. (give the result in square 
yards, square feet, and square inches). 
4, Base 13 ch. 75 Iks., height 9 ch. 30 lks. (give the result in acres). 
Find the heights of the following triangles, having— 
5. Area 72 sq. ft., base 16 ft. (give the result in feet). 
6. Area 52 sq. yds. 18 sq. in., base § yds. 2 ft. 3 in. (give the result in 
yards, feet, and inches). ১, 
J. Area 34 ac., base § ch. 30 lks. (give the result in chains and links). 
8. Area 22'8 ac., base 936 Iks. (give the result in chains). 
Find the areas of the following right-angled triangles, having— 
9. Hypotenuse 85 in., side 68 in. (give the result in square feet and square 
inches). 
10. Hypotenuse 4 yds. 1 ft. 6 in., side 2 yds. 1 ft. 4 in. (give the result in 
square yards). ) 
11. Hypotenuse 7 ch. 25 Iks., side 6 ch. 44 Iks. (give the result in acres). 
12. Hypotenuse 4 yds. 1 ft. 1 in., side 2 yds. 1 ft. 1 in. (give the result in 
square yards, square feet, and square inches). 
Find the areas of the following equilateral triangles, having-— 
13. Side 17 ft. give the result in square feet). 
14. Side 3 yds. 2 ft. 9 in. (give the result in square yards, square feet, and 
square inches). 
15. Side 6 ch. 40 Iks. (give the result in square chains). 
Find the areas of the following triangles, whose sides are~ 
16. 25, 17, 12 ft. 
17. 132, 125, 37 Iks. 
18. 105, 364, 533 in. 
19. 425, 367, 1258 ft. 
20. 1001, 1540, 1617 lks. 
21. 4,7°4 I0°'2 ch. 
29. Find the equal sides of an isosceles triangle whose base measures 
and whose area measures 672 5q. in. Aiea 
23. If the sides of a triangle are 35, 44, and 75 ch. find the perpendicw 
distance of its longest side from the opposite corner. ঠ 

24. The DEAE of an equilateral triangle is 159 Iks. : ন OER ৰ 

25. Find the rent per acre of a field, NT is let for Rs.402 
month, if its sides measure 9°5, 22°8, 24°7 ch. respective!y. 

298, The area of an equilateral triangle is 24 sq. ft. : find the sength of 6 
tide correct to the nearest inch, 


28 in., 
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97. The sides of a triangular piece of ground measure 455; 455, 784 gis. 
respectively : find the number of trees which can be Planted in it, jt each tr-¢ 
cupies 4 sq. yds. 
98: hie sides of a triangle are in the proportion of the numbers 4, 5, 6, 
and the perimeter is 195 ft. : find its area correct to the hundredth part ol 
uare foot, 
pe 9. The perimeter of an equilateral triangle measures as many yards as the 
area of the equilateral triangle measures square yards : find the length of a side, 
30. A plot of ground is in the form of an isosceles triangle If it cost 
Rs.1000 at the rate of Rs.2 § annas per square yard, and it eacn of the equal 
sides measure 40 yds., find the length of the base. s ; 
31. The diagonal of a square is three times the side of an equilateral 
Eiangle : find the ratio of the area of the square to the area of the triangle. 


Examples—V. B. 

Find the areas of the following triangles, having— 

32. Base 15 rasi, height 13 rasi (give the result in bighas). 

33. Base 5 rasi § lathas, height 4 rasi 14 lathas (give the result in bighas 
and biswas). k . 

34. Base 4 rasi 12 lathas, height 5 rasi 16 lathas (give the result in bighas, 
Biswas, and biswansi). 

36. Find the base of a right-angled triangle whose area measures 2 bighas, 
and whose perpendicular measures 25 lathas, 

386. Find the height of a triangle whose area measures 1 biswa, and whose 
base measures 5 lathas. 

37. Find the base of a triangle whose height measures 2 rasi 4 lathas, and 
whose area measures 5 bighas 8 biswas (give the result in lathas). 

88. Find the area in bighas of an equilateral triangle whose side measures 
3 Trasl. = 
99. Find the area in biswas and biswansi of a triangle whose sides measure 
1, 48, and 50 lathas respectively. 


Examination Questions—V. 
A, Allahabad University: Matriculation. 


. 1. The sides of a triangle are 25, 39, 56 ft. respectively : find the CT 
dieular from the opposite angle on the EA 56 ft, £ 2 fal 
5 AY What is meant by ‘‘area”? 
) ‘The area of an acuté-angled triangle i. bE Sj 
AEE RENEE Ig! gle is 336 sq. ft., and the sides are 
8. The three sides 4B, 4C, BC of the triangle 4BC are 68, 75,and 77 ft. 
respectively : find the length of the Perpendicular foi A SABC 0 
4. ‘The area of an equilateral triangle is 25 Sq. in. : find its perimeter. 
5. Find the least possible length of fencing that can include a triangular 
area of 10 sq. ft. 
6. A man observes the elevation of the top of n tower to be 60°, Hi e then 
walks a distance of 3oo ft., takes a turn of a right angle, and, after walking 
400 ft. more, finds he is on the other side of the tower, opposite to his original 


Position. The elevation of the tower is now found to be 30°: fi টি 
ef the tower. 3 ind the height 


B. Punjab University: Matriculation. 


J. The sides of a triangle are 13, 14, and 15 ft. : erpondiculas 
@om the opposite angle on the =ide of 14 fl, 2 And the p 
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8. The sides of a triangle are 7, 24, and 25 ft. respectively : find the area. 
9. Give the rule for finding the area of a triangle in terms of its sides. The 
sides of a triangle are 2%, 3, 3 ft. : find in inches the area of the triangle, 


C. Punjab University: Middle School 
10. Two sides of a triangle are 85 and 154 ft. respectively, and the peri- 


meter is 324 ft. : find the aren of the triangle. 
11. The side of an equilateral triangle is 7 ft. : find the area, 


D. Caleutta University: Matriculation. 

12. The sides of a2 triangle are 18, 20, and 22 respectively : calculate its 
area Lo three places of decimals. 

The sides BC, CA, AB of the triangle ABC are 13, 12, and 5 re- 
spectively, and. D is the middle point of BC : find the area of the triangle ABC; 
and ithe length of the line AD. 

14. The area of a triangular fieid is 2 ac, 3 ch. ; the line drawn from the 
vertex of the same perpendicular to the base measures 13 Vo. or per. : what is 
the lergih of the base line in chains and links ? 

E. European Schools: Final. United Provinces. 

15 A house 42 ft. wide lias a roof with unequal slopes, the lengths ot 
which 4re 26 and 40 ft. : find the height of the ridge above the eaves, 

186. The sides of a triangle are 143, 407, and 440 yds. respectively : find tha 


rent cf the field at £2 35. per acre, + - 
17. Find the area of a triangle the sides of which are 29, 493, and 507 yds. . 


respectively, 


EF. Madras Technical: Elementary. 


18. The side of an equilateral triangle is 10 ft. : find the area in square feet. 
19. An equilateral triangle measures 362 sq. ft. : find the length of one 
side. 
G. Madras Technical: Intermediate. 


20. Determine the area of a triangular plot of ground whose sides are 
$f, 10ft., 12. 
F 21. An equilateral triangle measures 1 ac. : find the length of a side in 
ect, 

H. Roorkee Engineer: Entrance. 

22. Find the area of a triangular field whose sides are 1200, 1800, and 
2400 Iks, (answer to be given in acres, Toods, and perches). 0) 

28. An acre and a half of land, in the form of a right-angled triangle, is 
divided into two parts by a line which bisects the right angle, and whi 
measures 82} yds. : find the two areas. 

24. Find the area in acres, roods, and perches of a field whose sides are 
845, Boo and 988 Jks. ib 

26. Nhe gj the side of that equilateral triangle whose ন ধৰ as:muc 
avin at $4. a fl. as railing the three sides did at a guinea a yar 
28. Given two sides 0 Obtuse-angled triangle which are 20 A 40 Po.» 
find the third side, that the triangle may contain just one acre SE যা NE fo! 

27. The sides of a triangle are 51, 52, 53 ft. # find the per 6 tne ঠ 
the opposite angle on the side of 5২ Ee find the areas of the id 
into which the original triangle is divided. Fr 

28. A FECHA field ls 1200 yds. long and 115 yds. EAL il Ee 
length of a fence running from one corner to the opposite si Skin nl 
off 3 ac. of ground, 
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29. The sides of a triangle are in the ratio of 13, 14, 15, and the perimetet 
is 84 yds. : find the perpendiculars from the angular points upon the sides. 

30. The sides of a triangular field are 191, 245, and 310 ft. : find the ares,. 
in acres. 


I. Roorkee Upfer Subordinate : Entrance. 


31. The three sides of a triangle are $00, Soo, and 1237 lks. By some, 
mistake the third side was also put down as 500 instead of 1237: what error 
would that mistake occasion in the computed area? 

82. Find the area in acres, roods, and perches of a triangle" whose sides 
measure 405, 378, and 351 ft. 

33. What is the side of an equilateral triangle which has as many square 
yards in its area as lineal yards in its periphery ? 

84. The sides of a triangle are 4789, 3742, and 2987 ft. : find the area in 

ards. 
Y 35. From a point within an equilateral triangle perpendiculars are drawn to 
the three sides, and are 8, 10, and 12 ft. respectively : find the side and the 
area of the triangle. 

86. A garden containing I ac. is in the form of a right-angled isosceles 
triangle. A walk passing round it at 6 ft. from the boundary wall occupies 
one-fourth of the whole garden : find the width of the walk. 

37. The base of a triangular field is 1210 yds., and the height is 496 yds. ; 
the field is let for £248 a year : find at what price per acre the field is let. { 

88. The sides of a triangle are in the proportion of the numbers 13, 14» 15» 
and the perimeter is 50 y' find the area. 

39. The side of a square is 100 ft.; a point is taken inside the square 
which is distant 60 ft. and 80 ft. respectively from the two ends of a side: find 
the areas of the four triangles formed by joining the point to the four corners of 
the square, 

. The sides of a triangle are 1137s 1259, and 1344 ft. : find the area # 
acres, roods, and perches. 

41. What is the area of a triangle whose sides are 165, 220, and 275 ft.? 
Find the answer in acres, roods, and perches. 


J. Roorkee Engineer: Final. 

42. Find the side of an equilateral triangle whose area is 5 ac. (give the 
answer in feet). 

43. The perimeter of an isosceles triangle is 306 ft., and each of the equal 
sides is § of the base : find the area. 

44. A triangular field, whose sides measure 375, 300, and 225 yds., is sold 
for £8500 : find the price per acre. 3 4 

45. The area of an equilateral triangle is 1043°737 sq. ft. : find its side. 

46. The sides of a triangle, of which the perimeter measures 462 ft., are in 
the ratio of 6, 7, and §: find its area. 

47. A triangular field is let for £5 IIs. 61d., at the rate of £12 an acre. 
One side is 738 lks. : find the perpendicular on this side from the opposite 

0 

ও Find the cost of painting the gable end of a house at 1s. 94. per square 
ard, the breadth being 27 ft., the distance of the eaves from the ground 33 ft.» 
ind the perpendicular height of the roof 12 ft. 


K. Roorkee Upper Subordinate: Monthly. 


49. The sides of a triangular field are 350, 440, and 750 yds. ; the field is 
let for £26 5s. a year : find at what price per acre the field is let. 
50, The sides of a triangle are 35, 39; and 56 ft. respectivelv : find the 
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areas of the two triangles into which it is divided by the perpendicular from 
the opposite angle on the largest side. 

Bi ‘The paving of a triangular court came to £100, at Is. 34. per square 
foot : if one of the sides be 24 yds. long, find the length of the other two 
equal sides. 

52. The sides of a triangle are 15, 14, and 13 ft. : find the area in square 
links. 

58. One side of a triangular court is 98 ft., and the perpendicular on + 
from the opposite angle is 63 ft.: required the expense of paving it av 
Rs.1 3 annas per square yard. 

54. The sides of a triangle are 1200, 1450, and 1650 ft. : find the area in 
square yards. 

55. The sides of a triangle are 1115, 1750, and 1765 ft. : find the area in 
acres, roods, and perches. 43 

586. The sides of a triangle are in the proportion of 13, 14, and 15, and 
the perimeter is Jo yds. : find the area. 

57. What must be the side of an equilateral triangle so that its area may be 
equal to that of a square of which the diagonal is 120 ft. ? 

© 58. A triangular field, 363 yds. long and 240 yds. in the perpendicular, 
produces an income of £36 a year : at how much an acre is it let? 

59. A field, whose three sides are equal, cost Rs.55 6 annas 9 pies turfing 
at the rate of 5 annas per 100 square feet : find the length of one of its sides. 


L. Roorkee Ufper Subordinate: Final. 


60. In a place where land costs £40 an acre, a triangular field was bought 
for £300, of which one side measured 302 yds. 1 ft. 6 in.: what was the 
height of this triangle in yards? 


M. Sandjrst, 


61. Find the tea of an isosceles triangle whose base is 16 ft. long, and 
sides each 17 ft. long. 

62. Find (correct to the thousandth part of an inch) the length of one of 
the equal sides of an isosceles triangle on a base of 14 in., having an area of 
92'4 5q. in. 

N. Militia: Literary. 

68. If the length of each side of an equilateral triangle were increased by 
1 ft., the area would be increased by M3 sq. ft.: find the length of each 
side. j 

£2: Additional Examination Questions.—V. (For Answers, sce p. 167.) 

84. A person standing at a point A due south of a tower observes the 
altitude of the tower to be 60°. He then walks to a point B# due west of A, 
and observes the altitude to be 45°; and again at a point Cin AB produced 
he observes the altitude to be 30°: show that # is midway between A and ©. 
(Calcutta University : F.E. Examination.) 0! + 

85. The sides of a triangle are 25, IOI, 114 : find the two parts into I 
the longest side is divided by the” perpendicular from the opposite ange, 
(European Schools : Final. U.P.) 

66. The sides of a triangle are 17, 15, and 
length of the straight line joining the middle point 0! 


(Allahabad University: Matriculation.) * 
675 Fin in ATL the area of a triangle whose sides are LV 6, IOIN 24, 


25A/# yds. respectively. (Punjab University : Matriculation.) $ 
288. The medians of a triangle are 105, 156, 219 ft. respectively : find the 
area of the triangle.“3(European Schools: Final, LP.) 


and 8 in. respectively: find the 
f 17 to the opposite angle. 


CHAPTER Vt. 
ON PARALLELOGRAMS. 


B6. A parallelogram is a four-sided rectilineal figure having its 
opposite sides parallel. 

[) E Cc The diagonals (or diameters) of a 
parallelogram are the straight lines 
joining opposite angular points. 

‘The side of a parallelogram 
on which it may be supposed tc 
stand is called its base. 

ATIF: B:. The height of a parallelogram is 
the perpendicular distance between 
its base and the side opposite to the 

base. 

‘Thus, in the parallelogram ABCD, 
AC and BD are the two diagonals. AB 
may be regarded as the base, EF as the 
height. 

When the parallelogram is equilateral 
it is called a 7hombus (see fig.). 


PROPOSITION V. 


27. To find the area of a parallelogram, having given its base 
and leigh. 
D E c Let ABCD be a parallelogram. 
Let its base AB and its height 
EF measure b and # of the same 
linear unit respectively. 
It is required to find the area of 
| the parallelogram in terms of band 4. 
A ন B Join AE and ES. 
Now, since— 
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Area of parallelogram A BCD=2Xareaof AAEB Euc I. 41. 
Je areal, % ABCD=2X4.ABXEF § 20. 
= bh sq. units 
Hence rule— 
The number of any linear unit in the base Ya Larallelogyam 
nultiplied by the number of the same linear unit tn the Height Sives 
he number of the corresponding square unit in the area. 


Or briefly— 


The area, of a, parallelogram = base Xx height 
f A — bh (GS 


+. the base of a }rallelogram = LEE 
EAR Cet TU 
b= (ii) 
&nd the height of a parallelogram = be 
h = +i) 


PARTICULAR CASE. 


4S. Rectangle. 
Let 4 BCD be a rectangle. D ce 
‘Then, 1f 4B be regarded as its 

base, BC will evidently be its height. 


Now, area‘ of any parallelogram 
= base X height . ; 


5 SA S27 
'. area of rectangle ABCD = 4B x BC 
= length X breadth A 
A4A=axb 


‘This result has Previously been obtained in § 8. 


ILLUSTRATIVE EXAMPLES. 


29. Example 1.—The base of a parallelogram is 5 ft, and its 
beight is 2 ft. 5 in. : find its area in square inches. 


Area of paral- \_ Eo 5 
lelogram }=% SE 
shereb=5xi12= 
ABlA=2XxX1I2+5=2 
“ area of paral- 
ielogram } 
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Example 2.—The area of a parallelogram is 1032 at. If lie 
base :5 5 ch. 60 Iks., what is its height? 
Height of } A bh 
parallelogram J = § 1 § 27. 


where A = 1932 Xx 10 = 19323 


1.932 «x ESE 
“". height of )\ _ 19°32 h 
parallelogram { = "56 © 
= 3°45 cb. 
+52: Schs 60 lks.------ = 3 ch. 45 Iks. 


PROPOSITION VI. 


B30. To find the area of a parallelogram, having Siwen a diagonal, 
and the perpendicular distance of this diagonal Jrom either of the 
outlying vertices. [y 

Note.—lIn any parallelogram, it may be proved by geometry that 
the perpendiculars drawn from one pair of opposite vertices to the 
diagonal joining the other pair are equal. 

B Let 4 BCD be a parallelogram, 

Let its diagonal AC measure 
4d of any linear unit. Let DZ, 
the perpendicular from D on AC; 
measure f of the same linear unit, 

It is required to find the area 
of the parallelogram in terms of 

D A g and p. 

Now, since— 

Area of parallelogram ABCD=2 Xarea of AADC Euc. I. 34. 
sl. ATCA 3, BS) ABCD=2 X IAC X DE . .. § 20. 
= dp sq. units 


‘Hence rule— 

The number of any linear unit ins the diagonal of a parallelogram 
multiplied by the number of the same linear unit in the perpendicular 
distance of this diagonal from either of the outlying angular points 

iues the number of the corresponding square unit in the area. 

Or briefly— 

Area, of parallelogram = diagonal xX perpendicular dig 
tance of this diagonal from 
either of the outlying vertices 


AS— ADM TENA OE TAL HCG) 
চ area 
‘ diagonal = perpendicular distance 
EE A SC OS a Co EA) 


Pp 
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~ _ ares 
&nhd perpexr. distance = diagonal 


p= edi) 


PARTICULAR CASE. 
31. Rhombus. D 
Let ABCD be a rhombus. C 
It can be proved by geometry 
that its diagonals AC and BD bisect 
one another at right angles. 
That is— 
DE=3-:DB=p 
und if 4,, 4, express the measures of 


AC and D2 in terms of the same A B 
linear unit— y 
And area of rhombus = AC xX DE . . 3 50. 
EA! ? 
=, LE Square units 
Nence rule— 
Area, of rhombus = 3 X product of its diagonals 


A = dd, 


LLLUSTRATIVE EXAMPLES. 


82. Example 1.—The area of a tract of country in the form of 8 
2arallelogram is 200 ac., and the length of one of its diagonals is # 
hile : find the distance of this diagonal from either of the outlying 
Turners. 


Required distance = YAR ANN SF 


here A 
and a 


= 200 x 4840, 
= 880 ; 8 
se required distance = ~~ রঃ 2 yds 


= II00 Yds. 


jo 


Example 


D. 


Example 3. 


Elementary Mensuration. 


2.—The diagonals of a rhombus are 56 Ilks. and 33 xs 


respectively : find the length of a side. 

In the rhombus 4A BCD let AC measure 
56 Iks., and BD 33 lks. 

Now, ‘because the diagonals of a 
rhombus bisect one another at right 
angIESN AN et es 53: 

‘". in the \ AEB— 

ZL AEB is a right angle 
ALE = 1.4C = 28 Iks. 
BE=}.BD= 165 Iks. 

Hence— ৯ 


AB = JCS + (165): ks, . . $16, 


= 32'5 lks. 
—The.side of a rhombus ABCD is 18 ch., and one of 


its diagonals BD is 9 ch. : find the other diagonal, and the area of the 


rhombus. 


Again— 


‘° where 4d, = 9, 
ER = 34856 


“1/8 Chains™-"B 


**° AEB is a right-angled triangle, . . . + §31. 


~~ AE = VABEEBE: $16 


= (8): (BD? ch. 
ত V/s 


= AILS 6h 


23 
w8s6. ca 


. AC = 34'856...ch. 


Area of thombus = }4,d, sq. ch. . 13 31) 


+. area = 15685 . . . sq. ch. 


Example 4.—The perimeter of a rhombus is 146 in., and one of 


D 


its diagonals is 55 in.: find the other 


.C diagonal. 


Let ABCD be a rhombus in which 
AC measures 55 in., and let its perimeter 
measure 146 in. 

Then AB measures 36'5 in. 
and AE n27°5'!n: 
“ BE=3.BD=NAB-AE? j§16 
= G65) = 75) in. 
= 24 in. 
Hence other liagonal = 45 in 


| 
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Example 5.—A parallelogram, the lengths of whose sides are 
22 ft. and 8 ft., has one diagonal 
10 ft. long ; find the length of the 
other diagonal. fl 

In the parallelogram 4BCD, 
kt AB=12 tt, AD=8 ft, BD 
= Io ft. 

From D and C draw DE and 
CF perpendiculars on AB and AB 
produced respectively. 

Now— 


DB: = DA: + 4B _ 2. AB. AE. . Euc. IL. 13. 
Also— 
AC = BC+ AB: +2. A4AB.BF Euc. II. 12. 
Therefore, adding, we get— 
DB + AC =2.ADt 24B: (Since AE = BF) 
Hence, if AC measure 2 ft.— 
ক =2X(8):+ 2x (12): - (10) 
128 + 288 — 100 
316 
16 
a CD 
Hence other diagonal measures 17°776 ft. nearly. 


i 


UNH 


PROPOSITION VII. 

339. To find the area of a Barallelogram, having given a diagona 
and two adjacent sides. 

Let 4 BCD be a parallelogram. 

Let its diagonal Le Ase C—O 
of any linear unit. Let its two ad- 
Jacent sides 4D, DC measure 2 and 
% of the same linear unit respectively. 
‘Then a and % will also denote the , 
measures of BC and 4B. Euc. IL. 34. 

It is required to find the area of 
the parallelogram in terms of a, b, and @. 

Now, since— 

Area of parallelogram 4 BCD= 2 Xarea of A ADC . Euc. I. 34 

‘ area of parallelogram ABC D=2 xX V/G= a) BG 2) Re na 


a - $23. 
Hence rule— z 
Zhe area of @ Parallelogram is equal 10 twice the area of @ 
triangle having SOr its sides @ diagonal of the parallelogram and any 
Wo of its adyacent sides. 
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ILLUSTRATIVE EXAMPLE. ঠ 
84. Example.—Find the area of a parallelogram of which 2 
diagonal measures 65 in., and of which two adjacent sides measure 
Jo in. and 75 in. respectively. 


Area of parallelogram = 2/3(s — as = HG =) Sq. in. 


+ $33, 
where a = 70, 
E75) 
= 65; 
cs = OTS + 65 10s 
and s— a — 105 — 70 


57> 6 = 105 - 


75 
OLE 105 — 65 
“.» area of parallelogram oD 


[| 
FS 
BS 
8 
uw 
5) 
B 


Examples—VI. A. 


Find the areas of the following parallelograms := 
1. Base 24 ft., height 13 ft. 

2, Base 5 yds. 2 ft., height 9 yds. 1 ft, 

3. Base 15°46 ch., height 12'72 ch. 


Find the bases of the following parallelograms :— 
4. Area 256 sq. ft., height 32 ft. 


5. Area 23 sq. yds. 8 sq. ft., height T4 yds. I tt. 
6. Area I ac., height 3°8 ch. 


Find the areas of the following parallelograms :— 
7. One diagonal 5 ft. 8 in. ; perpendicular Gistance 
either of the outlying vertices, 2 ft. 3 in. 


8. One diagonal 15 ch. 36 Iks. ; perpendicular distance of this diagonal 


from either of the outlying vertices, 7 ch. 54 Jks. (express the result in acres). 
9. The area of a parallelogram measures 15 sq. ড and one of its diagonals 

measures 7 yds. 1 ft. 6 in. : find the distance of this diagonal from the outlying 
vertices. 

10. Find the perimeter of a rhombus whose ding 
and 2 ft. 9 in. respectively. 

11. Find the cost, at 4 annas 6 pies a square yard, of turfing a plot of 
ground in the form of a parallelogram whose base measures 62 ft., and height 46 ft. 

12. Find the area of a rhombus whose perimeter is 248 in., and one af 
whose diagonals is 104 in. L AAS 

13. The side of a rhombus is 65. ch., and one ‘of its diagonals is 112 ch, 
find the length of the other diagonal. 


of this diagonal from 


onals measure 3 ft. 6 in. 
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Examples—VI. B. 


Find the areas of the following parallelograms :— 

14. Base 20 rasi, height 16 rasi. 

15. Base 10 rasi 6 lathas, height 32 lathas. 

16. Base 8°3 rasi, neight 6°8 rasi. 

17. Find the base of a parallelogram whose area measures 2 bighas, and 
Whose height measures 3 rasi 6 lathas. 

18. Find the area of a parallelogram, one of whose diagonals measures 
2 rasi 8 lathas, and the perpendicular distance of this diagonal from one of the 
outlying vertices mesures 10 lathas. 

19. Find the area of a rhombus whose diagonals measure 15 lathas and 
J3 lathas respectively. 


Examination Questions—VI. 


A. Allahabad University: Matriculation. 


1. The diagonals of a rhombus are 6 ft. and § ft. : find the side and the 
height. b) 


B. Caleutta University : Matriculation. 


2. The diagonals of a rhombus are 72 and 96: find its area and the lengths 
of its sides, 
C. Madras Technical: Elementary. 
8. Each side of a rhombus is 330 ft., and one diagonal is 500 ft. : find the 
area of the rhombus in acres and cents. 
4. Find the area of a rhombus in square feet, the diagonals being 160 ft, 
and 100 ft. 


5. The area of a mat in the form of a rhombus is 8 Sq. yds., and the peri- 
meter is 36 ft, : find its perpendicular breadth. 


D. European Schools: Final. Unitelt Provinces. 


6. The semi-diagonals of a rhombus are § il ively: find 
the area of the rhombus, and also the length of নয Bee ne PEG TN 


E. Roorkee Engineer: Entrance. 


7. The area of a rhombus is 120,000 ft., and the side 400: find the 
diagonals. 


F. Roorkee Upper Subordinate: Entrance 
8. The diagonals of a rhombus are respectively 40 and 60 yds, : find its 
aren, perimeter, and height. 
8. The diagonals of a rhombus are $8 and 234 ft. respectively: find the 
area ; find also the length of a side and the height of the rhombus. 


G. Roorkee Engineer: Final. 


10. The side of a rhombus is 36 ft., and one of its diagonals is 18 ft, : fing 
the other diagonal and the area of the figure. } 3 Be, 

11. The side of a rhombus is 20, and its longer diagonal is 34°64; find the 
area and the other diagonal, 


94 Elementary Mensuration. 


H. Roorkee Upfer Subordinate: Monthy, 


12. The area of a rhombus is 354,144 sq. ft., and one diagonal is 672 ft.1 
find the other diagonal ; find also the length of a side, and the height of the 
thombus. 

13. The diagonals of a rhombus are 60 ft. and 45 ft. respectively : find its 
area; find also the length of a side and the height of the rhombus. 

14. The side of a rhombus is 20 ft., and its Shorter diagonal is three-fourths 
the longer one : find its area. 


I. Additional Examination Questions.—V1. (For Answers, see p. 168.) 

15. The diagonals of a rhombus are 4 ft. and 1 ft. 2 in.: find the sides and 
the area. (Allahabad University: Matriculation.) 

16. A field is in the form of a rhombus whose diagonals are 2870 links 
and 1850 links : find to the nearest penny the rent at 7h Ios. 64d. an acre. 
(Calcutta University : F.E. Examination.) 

17. The diagonals of a rhombus are 80 and 60 ft. r ctively : find the 
area, length of side, and height of the rhombus. (Roorkee pper Subordinate , 
Entranca.S =~ 


CHAPTER VII. 
ON ANY QUADRILATERALS. 


35. A quadrilateral is any figure 


bounded by four straight lines. 
When two of the sides of a 
quadrilateral are parallel to one 
another, the figure is called a X 
trapezoid (see fig.). 


The perpendiculars drawn from two opposite angular points 
of a quadrilateral to the diagonal 
joining the remaining angular 


D . 

points are called the offsets from 
that diagonal to those angular 
points. A Cc 

‘Thus in the quadrilateral 
ABCD, DF and BE are the 
offsets from the diagonal AC to 

B 


the angular points D and 2. 


PROPOSITION VII. 

36. Zo find the area of a quadrilater { Y 1 
and its offsets to the IE ERE Re EC CFE 

Let ABCD be a quadri- 
tateral. 

Tet its diagonal A C measure 
Z of any linear unit. Let DF 
and BE, the offsets from this 
diagonal to D and ££, measure 
fi and 2 of the same linear unit 
respectively. 

It is required to find the 
area of the quadrilateral in 
terms of ad, fi, and fp. 

Now, since— 

rea of quadrilateral ABCD = area of ACE EOE 
. AB 


3 FF ACHE. BE. AC §20, 
ve ES) ) ED SL) sq. units 


= ¥a(2 + 22) 5q- units 


36 Elementary Mensuration. 


Hence rule— 

Multiply the number of any linear unit in the diagonas of 
quadrilateral by the sum of the numbers of the same Linear unit iA 
the offsets from this diagonal to the outlying angular points; then 
half the product will give the number of the corresponding square until 
tn the area. 

Or briefly— 


Ares, of a quadrilateral = 3 diagonal x (sum of 
its offsets) 
. A=3.dp+p) . (6) 
i j EELS STETECEMN 
a‘. ®& diagonal of a quadrilateral = EU OfLTOREStE 
SCR NL) 


Note.— If the diagonal falls outsiadz the figure, the rule evidently becomes 
Area of quadrilateral = ¥ diagonal x (difference of its offsets) 


PARTICULAR CASES. 


37. 1. Parallelogram. 
Here the offsets from a diagonal 
4 to the outlying angular points are 
equal to one another. . § 30. 
That is, pi = pf, = 
Nov, area of any quadrilateral = 2 4(2; + 22) Sq. units § 36 
+ area of parallelogram = 3. (p+ 2) Sq. units 
= dp sq. units 

‘This result has been previously obtained in § 30. 

2. A quadrilateral whose diagonals cut one another 
at right angles. 

Let ABCD be a quadrilateral whose 
diagonals AC and BD cut one another 
at right angles. 

Let d,, d, be the measures of the 
diagonals AC and BD, both expressed 
in terms. of the same unit. The sum 
of the offsets from one diagonal, 4C 
evidently makes up the other diagonal, 
BD. 

B That is, f, + fa = 4, 
Now, area of any quadrilateral == $4(2; + 21) sq. units . § 36 
ue rea of Ca ERLE] ABCD = 25 Sq. units 
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ILLUSTRATIVE EXAMPLES. 


88. Example 1.—lIn a quadrilateral 4BCD, the diagoual 4C 
measures 2 ft. 9in., and the off- 
sets from this diagonal to B and B 
D measure 1 ft. 7 in. and Il in. Y 
respectively : find the area of the 
quadrilateral. 


Area of 
ERE) = ee ডি $e 


where d=2 xX 12 + 9 = 33, 
andpi=IX12+75=19, 
and B= II; At [o) 
*. area of 
Ee =}.33019 + 1) sq. 

an te} in; at 


=}. 33. 30 sq. in. 
=495 sq. in. D 


Example 2.—In a quadrilateral ABCD, the sides AB, BC, CD, 
DA measure 20, 13, 17, 10 Iks. respectively, and the diagonal Ac 31 
Hes. : find the area of the quadrilateral. 


rea of quadrilateral = area of A ABC + area of N\ ACD 
= M27 XI4X7X6 sq. Iks. + V/24X14X7X3 Sq: 
Js, 1 0 id SAA EGTA ER ETUC 2: 
126 sg. Iks. + 84 sq. Iks. 
210 sq. Iks. 


PROPOBITION IX. Y 
39. To Jind the area of a trapeaoid, having given the parallel 
des ant the perpendicular distance between tiem. 
Let 4 BCD be a trapezoid, 


$8 Elementary" Mensuration. 


Tet its parallel sides AB and DC measure @ and & of the 
same linear unit respectively. Let DE, the perpendicular dis- 
tance between them, 
measure # of the same 
linear unit. 

It is required to find 
the area of the trape- 
zoid in terms of a, b, 
and h. 

Join AC. 

Now, since— 


area of A ACD + area of A ABC 


Area of trapezoid = 
o ib # =1.DCXDE+E.A4ABXDE § 320. 
= (¥ . bh + Fah) sq. units 
= ¥. (a + b)h sq. units 


Hence rule— 

. Multiply the sum of the numbers of any linear unit in the 
parallel sides of a trapezoid by the number of the same linear unit in 
the perpendicular distance between them ; then half the product will 
give the number of the corresponding square unit in the area. 


Or briefly— 


The area of a trapezoid = ¥. sum of parallel sides 
Xx distance between them 


A= aE DEE EON) 
‘. the distance between the } £2 2 X ares 
parallel sides of a, trapezoid | sum of parallel sides 
EGR lis 
hb (i) 


If a ring be cut across at any point in its outer circumference 


TATE FORTE EOD 


and then straightened out, its surface may be seen to be that of a 
trapezoid, whose parallel sides are the inner and outer circum 
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ferences of the ring respectively, and whose distance between the 
Parallel sides is equal to the width of the ring. 


ILLUSTRATIVE EXAMPLES. 


40. Example 1.—The parallel sides of a trapezoid are 3°57 yds. 
and 4°62 yds. respectively, and the 
distance between them is 2°93 yds. : 
find the area of the trapezoid. 

Area of \_ fl 
trapercia} = Het sq. yds. § 39. 
where a = 3°57, 

0 = 462, 
l= 293; 


area of\ dire ন ‘0২ 
apa} = JE 62) x 293 


= 1199835 sq. yds. 


Example 2.—The parallel sides of a trapezoid are 24 and 52 ft. 
and the other sides are 26 and 30 ft. : i SA 
-C 


find the area. DE 1244. 
Let ABCD be the trapezoid, so f 
that DC = 24tt, AB = 52, DA = NY 
26t., CE = 30 ft. a) 
‘Through C draw CE parallel to 
DA, and CF‘perpendicular to 4B. 4 Y 
A ee C22 A====== ওল 

= 28 ft. 
Now, area of \ EBC = NSNs— als = 6G =o) sq. ft. § 23. 


where a = 26, 


= 28, 
€= 30; 
Nat SA— HAZ 
+. area of A EBC = V42X I6X IX IZ sq ft 
= 330 sq. ft. 
Also EF 24 NIE 20 


where 4 = 336, 
and b = 28; 


24 ft. 
‘, area of trapezoid = Ha + 0) sq. ft 
where a = 24, z 
6 = 52 
4= 35; as 
-". area of trapezoid = (24 + 52) X 24 5. 
= 912 sq. ft. 


60 Elementary Mensuration. 
Exampre 3.—Find the area of a plane circular rimg whose oute! 


and inner circumferences measure 5026544 in. and 4398226 in. respec- 
tively, the width of the ring being one inch. 


3:98226 
50285944" 


Area of ring = area of trapezoid . - . . 839. 
a+ b)ksq. in. 839 


where 2 = 50'26544 
& = 4398226, 
LIEB 
+, area of ring = (50°26544 + 43'98226) sq. in. 
= Y X 94'24770 sq. in. 
= 47°12385 sq. in. 
41. The area of a quadrilateral inscribed in a circle may be 
expressed in terms of the four sides, thus : 
Area of quadrilateral = VNG= a= HG- IG — 7) sq. units 
where a, b, 6 4 are the measures of the sides, all expressed in 
terms of the same unit, and— 
be a+b+ct+a 
2 


The proof of this formula depends upon the fact that the 
opposite angles of any quadrilateral inscribed in a circle are 
together equal to two right angles. . ee Euc. III. 22. 


ILLUSTRATIVE EXAMPLE. 
49. Example.—The sides of 2 quadrilateral inscribed in a circle 
are 75, 55, 60, and 40 in. : find its area. 
A EL LAE LONE 
Nea of) = JG aG= DE-DE 
ৰ Ssq.in. 84 


where a = 75, 


5 = 55, 
c= 60, 
a= 405 
HOLE SSE MITE 
2 
= T15' 
“. area of Fad 
EE ন EE 
300/110 Sq. in. 


IAN 


3146 sq. in. nearly 
21°85 sq. ft. nearly 
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Exeamples—VIL A. 
Find the areas of the quadrilaterals whose dimensions are as follow» 
1. Diagonal 213 ft., offsets 97 and 103 ft. 
2. Diagonal 5 yds. 2 ft., offsets I yd. 2 ft. and 2 yds. 1 ft. 
3. Diagonal 9 ch. 12 Iks., offsets 4 ch. 23 lks. and 5 ch. 56 lks. 
4. Diagonal 12 ch. 22 Iks., offsets 7 ch. 13 lks. and 8 ch. 24 lks, 
Find the areas of the trapezoids whose dimensions are as follows :— 
5. Parallel sides 57 and 83 ft., perpendicular distance 16 ft. 
8. Parallel sides 4 yds. I ft. and 3 yds. 2 ft., ndicular distance 2 ft. 
J. Parallel sides 4 ch. 18 lks. and 7 ch., Peer icular distance 78 lks. + 
8. Parallel sides 9 ch. 14'3 lks. and 74°5 lks., perpendicular distance 2 ch. 


Find the perpendicular distance between the parallel sides of the trapezoids 
having the following measurements :— 

9. Area 340 sq. yds., parallel sides 30 ft. and 18 ft. 

10. Area 62 ac. 3 ro., parallel sides 30 ch. and 20 ch. 

11. A field is in the form of a trapezoid ; its parallel sides are 9 ch. 50 lks, 
and 8 cli. 50 Iks. ; the perpendicular distance between them is 11 ch. 25 lks. : 
find the rent at Rs.23 per acre. 

12. Find the cost of paving a courtyard in the form of a trapezoid whose 
parallel sides measure 20 yds. 2 ft. and 17 yds. 1 ft respectively, and the 
Perpendicular distance between them 1o yds., at 7 annas per square foot. 

18. Find the cost of a four-sided piece of ground, if one of its diagonals 
measure 7 ch. 36 Iks., and if the offsets from this diagonal to. the opposite 
angular points measure 4 ch. 23 lks. and 6 ch. 19 lks. respectively, at Rs.300 

Tf ACTE, 

14. Find the rent of a four-sided field whose diagonal is 16 ch, lks, 
And whose offsets are 5 ch. 20 lks. and 7 ch., at RSE Acre. < { 

15, The rent of a four-sided field is Rs.69°3. A diagonal of this field 
measures 6 ch. 60 lks., and its offsets to the Opposite angles measure § ch. 
10 lks. and 3 ch. 30 lcs. SEP NVO find the rent per acre. 

8. A room is in the form of a trapezoid, whose parallel sides measure 
3 fi [1 e TT CE AGE The perpendicular distance between 
hese sides is 18 ft. en 01 tt . Wi i jl 
cover the Aoor? 8’ matting { yd. wide will be required te 
+ Find the ares of a quadrilateral whose diagonals are 5 yds. 1 ft. 9 in, 
and 6 yds. 2 ft. 6 in. respectively, and are at EEE to Se BLE. 

18. The difference between the two parallel sides of a trapezoid is 8 ft., the 
perpendicular distance between them is 24 ft., and the area of the trapezoid is 
312 ? ft. : find the two parallel sides. 

19. Find the area of a quadrilateral inscribed in a circle whose sides measure 
36, 77, 75, and 40 lks, respectively. 


Examples—VIL B. { 
Find the areas of the quadrilaterals whose dimensions are as follows :— 
20. Diagonal 18 rasi, offsets 15 rasi and 21 rasi. 
21. Diagonal 3 rasi § lathas, offsets 2 rasi and 5 rasi 6 lathas. 
‘Find the areas of the trapezoids whose dimensions are as follows :— 


22. Parallel sid. asi and 37 rasi, perpendicular distance 36 ras. 
28. Parallel টা) Ga 14 lat y 4 asi 12 lathas ; perpendicular distamee 


3 rasi 4 lathas, + 
Find the perpendicular distances between the parallel sides of the trapezoids 
having the following measurements :— 
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94. Area 3 bighas 10 biswas, parallel sides 1 rasi 15 lathas and I ras 
lathas. 

25. Area 5 bighas 15 biswas, parallel sides 2 rasi 1 lathas and 1 rasi 
15 lathas. 


Examination Questions—VII. 


A. Allahabad University: Matriculation. 
1. The sides of a quadrilateral inscribed in a circle, taken in ord 
39, 60, and 52 ft.: find the area of the quadrilateral. EOD Si 
2: The opposite sides of a quadrilateral are parallel, and the distance 
between them is 7 ch. 50lks. : if the area is 6°75 ac., and the length cf opr 
of the parallel sides is 10 ch. 30 Iks., find the length of the other. 


B. Puniab University; Matriculation. 
3. Prove the rule for finding the area of a trapezoid. 


C. Punjab University: Middle School. - 
4, ABCD is a quadrilateral. Each of the angles ABC and DAC is a 


right angle; the following lengths are in feet: = Ee 
Da = 105. Find the area. £ HE NYS RTS 
5. The sides of a quadrilateral, taken in order, are 5, 12, dl 
respectively, and the angle contained by the first two Ba Toh angle find [Ee 
area. 
6. In a quadrilateral ABCD, AC=13 ft, BD = puts 
right angles . find the area. SDE ISL 


D. European Schools: Final. United Provinces, 
7. The sides of a quadrilateral are 75, 75, 100, 100 ft. respectively, and it 
can be inscribed in a circle : find its area. 


8. Ina trapezoid the parallel sides are 14 and 20 yds. respectively, and the 
crpendicular distance between them is 12 yds.: find the area of the trapezoid. 


E. Madras Technical: Elementary. 


9. Find the area of a trapezoid whose parallel sides are 1000 ft. and 
1500 ft., and the distance between them 100 ft. 


F. Roorkee Engineer: Entrance. 

10. A field is in shape a trapezoid, whose parallel sides are 6 ch. 75 lks., 
and 9 ch. 25 lks.: if the area be 2 ac. 3 ro. 8 per., find the shortest way 
across the field in yards. 

11. A field in the form of a quadrilateral, ABCD, whose sides taken in 
order are respectively equal to 192, 576, 288, and 480 ft., has the diagonal AC 
equal to 672 ft.: find the area in acres, roods, poles, etc. 

12. One diagonal of a quadrilateral which falls without the figure is equal 
to 30 yds., and the difference of the BP upon it from the remaining 
angles of the quadrilateral is 14 yds. : find its area. 


G. Roorkee Upper Subordinate: Entrance, 

18. Find in acres the area of a quadrilateral whose diameter is 19°3 ch., 
and the perpendiculars on which, from the opposite angles, are 13°5 ch. and 
18°75 Ch, respectively. 1 chain = 66 ft. 

14, find he area ln notes of a field ABCD. AD = 220 yds BCS 
+ AC = 318 yds, and the perpendiculars Tor a aml B mect the 
265 Yori ZL and F so that AZ = I00 and CF = J0 JC, 
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18, AC is the diameter of.a circle and a diagonal of the inscribed quadri- 
Hteral ABCD ; given Af = 30, BC = 40, CD = 10, find AD and the area 
f the quadrilateral. 

16. How many square yards are there in a trapezoid, the parallel sides of 
which are 157'6 metres and 94 metres, and the perpendicular distance between 
them 72 metres? I metre = 39°37 in. 

17. The area of a trapezoid is 475 sq. ft., the perpendicular «distance 
between the two parallel sides is 19 ft.: find the two parallel sides, their 
difference being 4 ft. 

18. Calculate the area of a trapezoid, the sides of which, taken in order, 
arc 13, II, I5, and 25, and the second parallel to the fourth. 


‘H. Roorkee Engineer: Monthly. 


vu. rfow many square yards of paving are there in a quadrangular court 
whose diagonal is 54 ft., and the perpendiculars on it, from the opposite 
corners, 25 and 178 ft. respectively. 

20. A trapezoid, with parallel sides of lengths as 3: 4is cut froma rect- 
angle 12' X 2’, 50 as to have an area of one-third of the latter : find the lengths 
of the parallel sides. 


I. Roorkee Engineer: Final. 


21. The parallel sides of a trapezoid are 55 and 77 f\., and the other sides 
are 38 and 31 ft. : find the area. 

22. Two of the four hedges of a field are parallel, and 1000 yds. and 
936 yds. respectively. A man standing midway between these parallel hedges 
‘observed that a horse he was lunging, with 25 yds. of Tope, in crossing the 
shortest line from his station to either parallel hedge, bisected it : required area 
of field in acres. 

28. A quadrilateral ABCD. Find area in acres and decimals of an acre. 
AB ৰ 300 yds., BC = 350 yds., CD = 100 yds, DA = 650 yds., AC = 
400 yds. 


J. Roorkee Upper Subordinate: Monthly. 


24. The sides of a quadrilateral, taken in order, are 8, 8, 7, 5 ft. re- 
Rey and the angie contained by the first two sides is 60° : find the area. 

25. ‘The parallel sides of a trapezoid are 14 and 30 ft. respectively, and the 
other two sides are 12 and 19 ft. : find the area. 

26. One diagonal of a quadrilateral which lies outside the figure is 70 ft., 
and the difference of the perpendiculars Upon it is 16 ft. : find the area. 

27. A railway platform has two of its opposite sides parallel, and its other 
two sides equal ; the parallel sides are 100 and 120 ft, respectively, and the 
equal sides are 15 ft. each : find its area. 

28. In a trapezium ABCD, AB .= 345, BC = 156, CD = 323, DA 
= 192, the diagonal 4C = 438 : find the area. l ich i 

29. Required the depth of a ditch, the transverse section of which is a 
trapezoid, area 146'25, breadth at top = 20, side slopes 3 to 1 a i ন 

30. The area of a trapezoid is 3} ac., the sum of the two paralle? sides 3 
297 yds. : find the perpendicular distance between them. 

&s 31 The four sides of a quadrilateral inscribed in a circle are 

ft. : required the area. 2 

32. One of the parallel sides of a trapezoid is 1 ft. ONES es es 
the breadth is 1 ft., and the area 216 sq. in. : required টী a ৰ of im 

38. How many square yards are contained in a quadri ৰ > ন 
diagonals being 60 yds, and the perpendiculars upon it 12:6 and 11°4 yds. t 


80, 60, 50, Lue 
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K. Roorkee Upfer Subordinate: Finaj. 
Ba. Find the area of a trapezoid whose parallel sides are 72 and 384 ft,, the 
other sides being 20 and 263 4 38, 
85. A ditch is 30 ft. wide at to and 18 ft. at bottom. The earth ex- 
cavated from it is formed into a bank 28 ft. wide at top and 38 ft. at bottom, 
and 10 ft. high: what is the depth of the ditch ? 


L. Sandhurst. 


86. The area of a. trapezoidal field is 4} ac., the perpendicular distance 
between the parallel sides is 120 yds., and one of the parallel sides is 10 ch. ; 
find theot 


M. Additional Examination Questious.— VII. (For Answers, see p. 168.) 


37. ABCD is a quadrilateral, right-angled at B and D; also AB = 36 
shains, BC = 177 chains, CD = 68 chains : find the area. (European Schools; 
Yinal. U.P.) 

38, Find an expression for the area of a trapezoid with parallel sides of 
Jengths a and b, an. the other sides ¢ and d. (Roorkee Engineer : Entrance. } 

39. Find the area of a quadrilateral ABCD, given AB = 30 in., BC = 
17 in., CD = 25 in., DA = 28 in., BD = 26 in. (Allahabad University: 
Matriculation.) 

40. One diagonal of a quadrilateral which falls without the figure is equal 
to 30 yds., and the difference of the perpendiculars upon it from the remaining 
angles of the quadrilateral is 40 yds. : find the area. (Roorkee Upper Su-> 
ordinate: Entrance.) 

41. ‘The sides of a quadrilateral are 204, 369, 325, 116 yds., and tne 
second side is parallel to the fourth : .prove that the angle contained by the 
first two sides is a ডু and find the area of the quadrilateral. (Karo 
pean Suaools: Fi i UP}? gy 


CHAPTER VIII. 
ON REGULAR POLYGONS. 


49. A polygon is a figure bounded by four or more straight lines, 
A polygon is said to be regular when all its sides and angles 
are equal. 
A four-sided polygon is called a quadrilateral. 
A five-sided 3 a pentagon. 


A six-sided রবে 5) a hexagon. 

A seven-sided  ;, 5) a heptagon, 
An eight-sided ;,, 55 an octagon, 

A nine-sided Sy 5 a nonagon. 

A ten-sided nS a decagon. 
An eleven-sided ;,, » an undecagon. 
A twelve-sided ;, ড a dodecagon. 


A fifteen-sided ;, 0) a quindecagon. 

It is obvious that the central point of a regular polygon iB 
also the centre of both the circle which is circumscribed 
about the polygon and of the 
circle which is inscribed in the 
poly goh. 

It is also evident that the 
perpendicular from the central 
point of a regular polygon 
upon a side is the radius of 
the inscribed circle, and that 
the straight line joining he 
central . point to an ar ur 
Doint of the polygon is the 
radius of the circumscribed 
circle. 

Nor example, O is the centre 
of both ‘he circle ABC; a 
is circumscribed about the poly- es A, Sk 4 
gon. and of the circle POR, which is inscribed in the polygon. 


so) Elementary fh ehsuration. 


Also, OP is the radius of the circle POX, and OA is the radits 
3f the circle ABC. 


PROPOSITION X. 


44. Tv find the area of a regular polygon of n sides, having 

Fivin the length of a side and the radius of the inscribed circle. 
Let ABCDEF be a regular 
E D polygon. 

From its central point O draw 
OG perpendicular to 4B. 

Then OG will be the radius of 
the inscribed circle . . . § 43. 


2 [0 
Let OG measure 7 of any linear 
unit. Let AB measure a of the 
same linear unit. 
It is required to find the area of 


fF 
Ar ia B the polygon in terras of 1, a, and r, 
Join 0A, OF, OC, OD, OF, OF. 
‘Thus the polygon is divided up into as many equal triangles 
as the figure has sides. 


drea of polygon = area of A AOB X number of sides of polygon 
=F} XOGXABX শু) 330 $20, 


1 
= 2 X a7 sq. units 


Hence rule— 

The product of the number of any linear unit in one side fd 
regular polygon UY) the number of the same linear unit in the radits 
of the inscribed circle, multiplied by half the number of the sides, gives 
the number of the corresponding square unit in the area. 

Or briefly— 


Ares of a regular polygon = number of sides x side 


X radius of inscribed circle 
n 
A= ZX. (i) 


Hence— 
ji r polygon 
The side of a regular polyg Son Se 
= Humber of sides X radius of inscribed circle 
2A SG TB aE ENE OV), 


nr 
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and perimeter of polygon = na, = 2 


EEE AU MCA FAS 
p= Gi) 


PARTICULAR CASES. 


45. 1. Hexagon. $ 
Here it may be seen that A Of is an equilateral triangie, 


UOTE SEE oh 


£ / 

* that is, 7° = Ee 

Now, area of \ % s R 
any regular = X arsd.units . § 44- 

polygon J 

‘'. area of t 16 Xax Er units 

reg. hexagon 2 EH FETT IF. ee তে 

= 323 Sq. units 
2. Octagon. 


Here it may be seen that— 
OG = OH + HG 


=5+ LB 
But L2 is the side of a square whose diagonal is BC = 0, 
PEE ECs Nee CUE G7 
.0G= + 7; 
(I+; 
A) 


Now, area of a 
any regular }=- X ar sg. units § 44- 
polygon < 

--areaof | _8 I+N2 
reg. octagon t FELL a( 2) 


sq. units f 
= 201+ V2) sq.units 
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ILLUSTRATIVE EXAMPLES. 
48. Exaniple 1— Find the area of a regular hexagon whose sids 
measures 9 in. 
Area of regular EY VE) Rh 
Hecagon }= 2 SADE STS. 
where a = 9; 


“". area of n= 3%X81XN3 
hexagon ডু ঠন 


Sq. in. 


_ 243 X1'73205 ... TE 


= 21044... 5d. in. 


Example 2,—Find the area of a regular octagon whose side 
measures 2 yds. 2 ft. 


A f ] / 
CtapOn = 201+ NV/2) sq. ft. . § 45. 
where a= (2x 3+ 2) 


= 813 


+". area of octagon=2 x 8%X1+N2) sq. ft. 
=128(1+ V2) sq. ft. 
=128 X 241421... 5q. 
= 30901... sq. ft. 
Va: 


Tyas 2fe-- 4 Sq. Yds. 3°01. . sq. ft, 


Example 3.-—There is «4 square room which it is proposed to 

ে enlarge by throwing out a hexagonal 

ht Se EAP front on one of its sides, so that three 

Sides of the hexagon may form a bay 

front : what area of new flooring will be 

equired, the side of the square being 
24 ft.? 

In the figure (which represents a 
Plan of the floor), join G, the middle 
point of the side DC of the square 
ABCD, to F. 

Then it is evident that FGC' is an 
equilateral triangle. 


«. FC=GC=3.DC=nt. 
Hence area of new flooring wilf 
equal area of half a regular hexagon 
whose side measures 12 ft. 


where @ = 12; 
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Hence— . 
area of new flooring = 3 XTNSYS sq. ft. 
= 187061... sq. ft. 


PROPOSITION XI. 


47. To Jind the area of a regular polygon of n sides, having 
given the length of a side and the radius of the circumscribed circle. 

Let ABCDE be a regular 
polygon. D 

Join O, its central point, 
to B. 

‘Then OF vill be the radius 
of the circumscribed circle. 

Let OB measure R of any 
linear unit. Let AB measure a 
of the same linear unit. 

It is required to find the 
area of the polygon in terms of 
#, a, and R. 

Draw OG perpendicular to 
4B. 

Now ‘." OG is the radius of the inscribed circle § 43. 


*". area of polygon = KLAR SO CATO LET TAG: 
But 0G = V/ OB 


**. Area of polygon = sq. units 


and ‘.- na = perimeter of polygon 


+‘. Area of polygon = - EE ( < 


SL NRE (£) sa. units 
৮} 2 
Hence rule— 


From the square of the number of any linear unit 31 the raaius 
of the circumscribed circle subtract tle square of half the raumber of 
the same linear unit in a side of the polygon ; then the square root oj 
he remainder, multiplied By Balf the number of the same Linear unst 
in the perimeter, eines the rumier of the corresponding square whi? in 
the area. 

Or briefly— 
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Area, of regular polygon 


= :: perimeter, I of cireumd. STO — [( 


PARTICULAR CASES. 


48. 1. Hexagon. 
Here OB = R:= AB 


na 
of any reg. polygon = V 


units . § 47. 


+". area of regu- lees a sa: TS 
lar hexagon 


TA 3 
= 3° 3 ie Sq. units 


This result has been previously obtained in § 45. 
2. Dodecagon. 

Cc Let Af be a side of a regular 
dodecagon, and BD a side of a 
regular hexagon, inscribed in the 
circle ABCD. 

‘Through O, the centre of the 
circle, draw COL perpendicular to 
DB. 

‘Then COL produced will pass 
through A. 

Toin OP and CH. 

‘Then OP is the radius of the 
circumscribed circle . . . § 43. 

‘That is, OB = R = 2.1L 
Now, because the triangles ABC and ABZ are similar, 


ts CA AB — ABLE AT ON CER UCAVILAS 
16. 2R:a=a: AL 
But AL AB BL ME BUCH AT 


0) 


-2R:a 


ERA? 
3) aR CE = 
= 


||| 
৯b) 
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Now, area of any reg. polygon = 2) R— (  ) sq.units § 47- 


oe 19 1 dodecagon = VG (2+ V3) - ত: units 
= 6/2 + V3 sq. units 


LLUSTRATIVE EXAMPLES. 


49. Example 1.—Find the area of a 
regular dodecagon, whose side measures 
to in. 


f regul EEE nn 
ATG ৰ =62V/I4+ V3 sq. in. § 48. 


where a = 10; 


Sq. in. 
~~ ES 4820508 . . . Ea in. 
= 600 x 1°8660 sq. i in. nearly ণর্চ 
= 1119 sq. in. nearly 
Example 2.—Find the side of a regular hexagonal enclosure which 
measures one acre. 


208 
Area of regular hexagon = 22 = sq. yds. . . §45. 


33 
0 sq. yds. = 1 acre = 4840 sq. yds. 

KG = 2228 4840 
ELITE: tH 

SLE = 2X ED 

“ 3V3 
+. side of 5) ডু 
hexagon 


= 320! 
ত ; 
VE yds. nearly 


129 


yds. nearly 
= 43 yds. nearly 


Example 3.—Compare the areas of a regular octagon and a reguiat 
Aodecagon of ন perimeter. 
Let the perimeter of each measure + iB- 
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Then each side of the octagon measures Fy in., and each side of thu 
dodecagon measures = in. l 
But area of octagon = 2X1 + V/2)sq.in, . .§45. 
£5] 
where a = Fab 
and area of dodecagon = 6@°/{+ V3 sq. in. . . § 48. 


Ed 
whereas=.- ; 
12° 


+, area of uctagon : area of dodecagon = ৯ : hE ~ 


= ItN2. NIE V3 
320 U2 


= 3(1+ 0/2) : AVES 


PROPOSITION XII. 


50. To find the area of a rieulur Pulyson of Nn sides, having siven 
(1) the Lngth of a side, or (2) the radins of the inscribed circle, 07 
13) the radius uf the circumscribed cirche. 

Let ABCDE be a regular 
polygon. 

Join its central point O to its 
angular points 4, B, C, D, ZL. 
Draw OG perpendicular to A$. 

‘Then OA is the radius of the 
circumscribed circle, and OG is 
the radius of the inscribed circle. 

Let 4B measure @ of any 
linear unit. Let OG measure 7 
of the same linear unit. Let 04 
measure R of the same linear 

A G B unit 
tis required tL 6nd the area of the polygon in terms of-— 
“° (1) nand a, 
2) 7 and 7; 
6 1 and RK. 


Now, area of polygon = 2 .a x 0G. + 8 44 


2 


and OG = AG cot AUG 


a. 180° 
= -— Cot — 
? ES 
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0) 


A 
“« area of polygon = 2% = cot [eC Sq. units 


Ee 180° 
=x ঢু cot 7 Sq. units . . (4) 


Again, ~- area of polygon = =. AB x 7 AC SM DANG SLY 
and AB = 2. 0G tan AOG 
Ls 180° 


() 
nn 10 
+. area of polygon = -. 27 tan +7 Sq. units 


০ 
= 7° X72 tan sq. units . . (B) 


Lastly, *." area of polygon = A AOB Xn 
and AAUB =}. 04. OB sin AOL. 


=Y.R sin 3 


0 
+". area of polygon = J. R:sin 32" X 2 sq. units 


7-703 602 
RA sin ০ Sq. units , 

Hence rule— 

The number of any square unit in a regular 205 gon of n sides is 
aDlained by multiplying— 

(A) the square Yr the number of the corr eSp OIE linear unit in 


a side by cot 2 


(B) the square of the number of the corresponding linear Unit 5) 
LC) 


the radius of the inscribed circle by n tan LSC 3 
ন n 


(C) the square of the number of the corresponding Linear unit in 


2600 
the radius of the circumscribed circle by = Sin 
Or briefly— 
0 
1) Ares of polygon of n sides = (side)* x 7 দু oot = 

2 oo” 
=a x ৰুণ cot ডল : 
0) . ” rs = (radius of circle) 

Xn tan - লি 

180° 


= Xn ton 
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(3) Area 0f polygon of 1 sides = (radius of circumad. circle): 


12 _. 360° 
Xzj8sin- 
DAMS 604 
= B° Xx 5 sin —— 
2 n 
The following table gives 5 walues correct to four Places 
180° 7 + 360° 
of decimals of the multipliers ~ ঢু cot ——, n tan sin 
for some polygons of frequent SCENE — 
1 
180° 180° | sm. 3600 
2 sin 360° 
ER 


1 f 
Name of polygon. | Got 2 tan 


Pentagon . 17204 


Hexagon * | 25980 34641 2'5980 
Heptagon . +» 36339 33710 27364 
Octagon . . . | 482 3°3137 2°8284 


Nonagon . . | 61818 32757 2'8925 

Decagon . . . | 476942 32492 29389 

Undecagon . . | 9°3656 3°2299 2'9735 

Dodecagon . . | Ir‘I96I 32153 30000 
ত 


ILLUSTRATIVE EXAMPLES. 


5l. Example 1.-——Find the area of 
a regular heptagon whose side measures 
5 ch. 30 Iks. 
Area ofreg. Eo 
Heptag de} = ax a 2 cop 0 sq. ch. § 50. 


where 2 = 5.3, 


2 18. 
and 2 cot 2 = 363395 - + * § 50 


area = (5:3)? x 36339 sq. ch. 
102°0762 sq. ch. nearly 
10 ac. 2 sq. ch. 762 sg. lks. nearly 


HN 


Example 2.—A regular undecagon is 
inscribed 1 in a circle whose radius is 2 ft. 
6 in. : find the area of the undecagon. 


Area of reg.) # in 360° sg. in. 
RG) Rx sin = Sq. in. § 50 


where R = (2X 12 + 6) = 30, 
and = sin 360° _ 9735 ; . . 8 50. 
Go X 29735 sq. in. 


76°1 Sq. in. nearly 
18 sq. ft. 84'1 sq. in. nearly 


+. area = 
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Example 3.—A regular pentagon is circumscribed about 2 circle 
whose radius is 1 ft. 8 in.: find the 


area of the pentagon. HAAN 


AFC TSO LUE 
Area of \_ 2x72 tan sq. in. § 50. 
pentagon 7 

where? = I X 12 + 8 = 20, K 


180° 


and 7 tan - ll 3°6327; - . § 50. 


*'- area 0!) _ (20)? x 36327 sq. in. 


pentagon 
= 1453 Sq. in. nearly f 
= 10 sq. ft. 13 Sq. in. nearly 


Examples—VIII. A. 


1. Find the area of a regular pentagon whose side measures 57ch. 55 Iks., 
ard the radius of the inscribed circle is 3 ch. 82 Jks. 

9. Find the area of a regular hexagon whose side measures § in. 

3. Find the area of a regular hexagon whose side measures 3 ch. 25 Iks, 
{give the result in acres). 

4. Find the area of a regular hexagon inscribed in a circle whose radius is 


[5 
5. Find the area of a regular hexagon described about a circle whose 
|S 1S In. 

6. EE area of a regular nonagon whose side measures 10 lks. 

J. Find the area of a regular pentagon whose side measures 6 yds. 

8. Find the cost of carpeting an octagonal floor whose side measures 16 ft., 
at Rs.2 per square yard (/2 = 141421). 

9. It costs Rs.900 to fence a dodecagonal enclosure at Rs.5 a yard: find 
its area. 


Examples— VIII. B. 
10. Find the area of a regular hexagon whose side measures half a rasi 
(give the result in biswas). 
11. Find the area of a regular octagon whose side measures 2 rasi (give the 


result in bighas). Fl 
12. What must be the side of a regular hexagon in order that it may just 
enclose 1 bigha ? (give the result in rasi). 


Examination Questions—VIII. 
A. Punjab University: Matriculation, * 
1. An ornamental grass-plot is in the shape of a regular hexagon, each side 
100 ft. ; within the plot and along its sides a footpath is made, 4 ft, wide all 
round : find the area of the grass-plot left within. 
B. Caleutia University: Matriculation. 
2, Calculate to three decimal places the area of a regular hexagon, 


Whose sides is equal to 10 ft. ন 51 
ind the area of a regular octagonal field each of whose sides measures 


5 ch. (give the result in acres, roods, etc.). 
C. Roorkee Engineer: Entrance. bh 
&. There is a square room which it is proposed to enlarge by throwing out 


each of 
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an octagonal front on one of its sides, so that three sides of the octagon may 
form a bay front; what area of new flooring will be required, the side of the 
square being 20 ft. ? t $ le 
5. A regular decagon is inscribed in a circle, the radius of which is 10 in. : 
find the area of the polygon. 
8. Compare the areas of an equilateral triangle, a square, and a regular 
hexagon of equal perimeter. 
. The area of a regular octagon is 51 sq. yds. : find the length of its side. 


8. The radius of the circumscribed circle of a ventagon is 3000, 
El 


wheres = 3°1416; find the length of the side, and the area of the pentagon. 


D. Roorkee Engineer: Final. 


9. Find the side of a regular octagon inscribed in a square, the.area ot 
whicn is 6 + 4/2 sq. ft. 

10. Find the area of 2 regular heptagon whose side is 45 ft. 

11. If a regular hexagon, a square, and an equilateral triangle be inscribed 
in a circle of 12 ft. diameter, show that the square described upon the side of 
the triangle is equal to the sum of the squares described upon one side of each 
of the other two figures. 

12. The side of a regular pentagon inscribed in a circle is 1 ft.: find the 
radius of the circle. ন 

18. Deduce a formula for the area of a regular Polygon in terms of the 
number and length of its sides, and from this find the area of a regular 
heptagon, the length of each side being 2 ft. 


E. Roorkee Upper Subordinate: J. Sonthly. 

14. The radius of a circle is 1 ft.: 
eight sides inscribed in the circle. 

15. Find the area of a regular octagon inscribed in a square, the side of 
which is 10/2: ? ল্‌ 

16. A regular dodecagon is inscribed in 
3 in. : find the area of the polygon in feet. 

17. Find the side of a regular octagon whose area is 1 ro., and of a regulex 
tlodecagon I area 5 iooo I ঠ { 

18. Find the area of a regular hexagon whose eri. i 

19. Find the area of a hexagon, each side bee 30 30002 

20. Find the 3 of a regular octagon whose side is 20 ft, 

BLT TE a circle is 1 ft.: find the area of a regular dodecagon 

242. The front of a room 24 ft. wide is to be 
sides of an octagon: construct the projection. 
the total length of the room in the central line, 


find the area of a regular polygon of 


a circle, of which the radius is 


Projected in the form of three 
How much will it increase 
and how much will it add te 


the area? 

289. The aren of a regular octagon is 1086-4 ft.; find the Jength ol 
one side. 

24, Find the areas of a square and a regular hexa i f each 
being 300 ft. ৷ gon, the perimeter 0! 


F. Additional Examination Questions.— VILZ. 
25. Find the area of 2 polygon of twent 
of radius 10 ft. Sin 14° 24’ = 0249. (| 
26. The radius of a circle is 12 ft. Find the length of the side of a 
Polygon of sixteen sides inscribed in it, Calculations to be made to three 
Places 0 decimals, (Punjab University: First Examination in Civil Engi 
asering.! 


(For Answers, see p. 168.) 
J-five sides inscribed in a circle 
Roorkee Engineer: Entrance.) 


CHAPTER IX. 
ON IRREGULAR RECTILINEAL FIGURES. 


‘62. Consider the irregular rectilineal figure ABCDEFG (Fig. 1}. 
If we can divide it up into 
such parts that the area of 
each part may be ascertained 
separately, then we shall be 
able to find the area of the 
whole figure by adding together 
the areas of the parts. The 
division into such parts. may 
be done by means of base-lines 
(or chain lines) and offsets. 
53. A base-line is a straight 
line drawn from one angular 
point to another, and offsets 
are perpendiculars drawn from 
the other angular points to a base-line. $ 
One base-line will often suffice, but it is sometimes convenient 
to draw two or more base-lines. 
‘The figure ABCDEFG E 
(Fig. 1) may be conveniently 
divided into parts by drawing F 
the base-line AD, and the off- 
sets BN, CH, EX, FL, GH. D 
‘These parts are either triangles 
or trapezoids, and their areas G 
nay be ascertained if we know 
the lengths of— 
(a) the ofisets ; A l) 
(2) the segments of the base- 
line made by the offsets. 
. 54. Again, consider the 
irregular — rectilineal figure Frc. 2. 
ABCDEFG (Fig. 3). 


FiG. 1. 
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is may be conveniently divided into parts by means of 
EE Sn AE and BE, and the offsets GL, FM, DK, CH, 

7 

টড Sometimes it is found convenient to draw baselines which 
may wholly or partially lie 
) = C outside the figure. 

For example, consider 
the irregular rectilineal 
figure ABCDEF (Fig. 3). 

If we draw the base- 
lines FC and FS, the area 
of the figure may be re- 
garded as the sum of the 
areas of the ABC, the 

S AABEL and the AFEG, 

FL; B ss the area of the A GDC. 
A When the perpendicular 

from an angular point upon 
a base-line lies outside the 


Fic. 3. 


figure, it is called an inset. 
Thus we speak of the inset from the base-line FC to the 
angular point D. 
. 56. Again, consider the 
= irregular  rectilineal figure 
ABCDERF (Fig. 4). 

. If we draw the base-lines 
AC, CE, EA, then the area 
of the figure may be regarded 
as equal to the area of the 
AACZ, less the sum of the 
areas of the triangles ABC; 
CDE, and EAP 

‘This method practically 
amounts to— 

(1) Finding the area ot 
the figure bounded by the 


bd 
(2) 


Fic. 4- 


baselines. 
(2) Adding the areas of those figures which lie outside the 
figure bounded by the baselines. 


(3) Subtracting the areas of those figures which ie inside the 
‘figure bounded by the base-lines. 
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ILLUSTRATIVE EXAMPLES. 


BT. Example 1.—ABCDE is a five-sided- rectilineal figure; BY, 
tr, Ee are perpendiculars from B, C; £ on AD respectively. 


Tt is given that AD = 16 ft. 
Ee = 42tt. 


Cce=6tft. 


Find the area. 


Because bc = Ac — Ab 


‘. 6c= (12 - 46)f. =7' 
and because cD = A A I 


+. D=(6- D)ft = att 


Area of figure ABCDE = area of N\A AED + area of A ABI 
J area of A CDec + area of trapezoid BCcb. a 


Areaof AAED =} XxX ADX Ee . .. . 520. 


arca of NA ABb = + $0. 
area of A CDc = 2 MES 25 
area of trapezoid BCcb - °° «$39 


= 4477 sq. ft. 
ve area of figure ABCDE = (336 + 1403 + 12 + 4477) Sq. fb, 
= 1044 sq. ft. 
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Example 2.—Find in acres the area of the figure ABCDER, 
having given-~— 
FD 2400 lks. 
FB 2050 ;, 
BD 1900 ;; 
Bb 1350 
Aa boo ;,, 
Cc 300 
Ee 550 
Area of figure ABCDEF = arta 
of A FBD + area of AFAB + 
area of \ BCD + area of \ FDE. 


Now, aD} = SDE MS 20. 


of A FBD 
FX 2400 X 1350 sq. Iks. 
= 1,620,000 sq. Iks. 


AGED OB UPLYS 


areaof A FAB =X FBX Ag . 
= F x 2050 Xx 600 sq. Iks, 
= 615,000 sq. Iks. 
+ XxX BD x.Cc «se 
$ x 1900 x 300 sq. Iks. 
285,000 sq. Iks. 
FI KDE oe SJ) 0. 820: 
F xX 2400 Xx 550 sq. Iks. 
660,000 sq. Iks. 
«. area of figure = (1,620,000 + 615,000 4- 285,000 +- 660,000) sq. Is. 
= 3,180,000 sq. Iks. 
= 31°8 ac. 


AMBALA Bo OLE 


Area of N\ BCD 


area of NN FDE 


Example 3.—Find in square yards, square feet, and square inchs 

the area of the rectilineal figure 

ABCDE EF, having given— 
UIAG:= 5 in. 


a 
= 139 
Bb =24 
D= 14 


oD) 
LEITH 
Area of figure ABCDEF = 
area of \ ACE+areaof N\ ABC 
— area of A CDE - area of 
AEAF. 


Now, area \_ 
NACE} =THACXEe . § 20. 
2 160 x 174 sq. in, 
=9120 sq. in. 


Osea OF AABC =I XACX Bh. . + + + + 50 
X 160 X 24 5q. in. 
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sreaof ACDE =X CEX DE. . e520. 
= & X 142 X 14 sq. in. 
= 994 sq. in. 
area OF A EAR IX BA XFS Le Co MEN 8:20 
= $ x 139 X 20 sq. in. 
= 1390 sq. in. 
“ area of figure = (9120 + 1920 — 994 — 1390) sq. in. 
= (11,040 — 2384) sq. in. 
= 8656 sq. in. 
= 6 sq. yds. 6 sq. ft. 16 sq. in. 


Example 4.—ABCD is a quadrilateral in which AB = 51 ft., BC 
= 52 ft., CD = 90 ft, the perpendicular AE from A on DC is 28 ft, 
and it divides DC into two equal parts : find the area of ABCD. 


Area of ABCD = area of A\ ACD +area B-..-........ 
of AABC 
Now, area \ _ 
of AACD) =}. AE. CD ¥ * § 20. 
X 28 Xx 90 sq. 
1260 sq. ft. 
FA Bd-/R 


where a = 51, 
b= 53, AA 
€ = V/(45F + (287 = 53. . $16, 
oe 3=78 
AXE =N/78 xX 27 Xx 26 x 25 sq. ft. 
= V/2 Xx I3i X35 X Sx 3 sq. fl 


= 1170 sq. ft. 
*. area of ABCD = (1260 + 1170) sg. ft. 
= 2430 sg. ft. 


Example 5.—ABCDE is a five-sided figure, and the angles at B, 


C, and D are right angles. If AB =15 D 
ft, BC=30tt,CD=22tt., and DE = F ¢ 
b ft., find the area of the figure and the ; 
length of EA. fn H 
Through A draw AF parallel to BC, ~ 
and through £ draw EG parallel to DF. H 
Now, area HR 
f =area of ABCF + area of ১ 
st ACHE} DEGF + area of AGE 2 
=ABXBC+DEXxEGt+ 1 
IXEGXAG  §§8,21. H 
=15 x30 sq. ft.+6>»7 sq. ft. : 
+I X 7 X 24 sq. En t 
= (450 + 42 + 84) 50. tt. t 

(45 5g A= == 18 


= 576 5q. ft. 
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Exzxamples—IX. A. 


x. Find the area in acres of the quadrilateral 4 BCD, having given AC = 
6000 Iks., and the perpendiculars from B and D on AC 4S00 Iks. and 1800 lks. 

2. ABCDE is a five-sided figure, in which AD measures 12 fA COLT IEE 
6 in., the perpendiculars from Cand £on AD 6 fi. and 2 ft. € in respectively, 
and the perpendicular from # on AC 2 ft. 9 in. : find the area. 

8. Find the area in square inches of a five-sided figure ABCDE, in which 
“AC measures 16 in., 4D 14} in., the perpendicular from Bon AC G6 in., the 
Perpendicular fron D on ACS in., and the perpendicular from £ on AD 44 in. 

4. In the five-sided figure 4BCDE the angle at Aisa rightangle, CLE 
measures 24 ft, AB 6°5 ft., AE 44 ft., the perpendicular from Bon CE 
4'8 ft, the perpen licular from Don CE 2'3 ft. : find the area. 

5. In the five-s'ded figure A#CDE the angle at A is a right angle, and 
DZ is parallel to AB; also AB measures 1600 lks., #D 1060 lks., DE goo 
tks,, EA 770 Iks., aud the perpendicular from Con BD 430 lks. : find the area, 


Examples—IX. B. 

8. How many bighas are there in the quadrilateral ABCD, it AC measures 
5'6 rasi, and if the perpendiculars from Band Don AC measure 3'4 and 38 
tasi respectively? 

7. Find the area in bighas and biswas of a five-sided figure ABCDE, in 
which 4D measures 48 rasi, 1C 3°8 rasi, the perpendiculars from Cand 
AD 14 and 1 9 rasi respectively, and the perpendicular fron: # on AC 2 ra 

8 In the five-sided figure A BCDE the angles at 4 and D are right angles ; 
and AB=74 rai, CD=6 rasi, DE=3 rasi, EA= 4'6 rasi, and the 
Prtpendicular from Con EB = 2'4 rasi : find the area of the figure in bighas. 


Examination Questions—IX. 


A. Allahabad Universrty. Matriculntion. 
1. Make a rough sketch, and find the area of a field ABCD from the fol- 


lowing measures taken in links, and find the length of the Perpendicular from 
Aon CD:— 


Ns, 2 
“417 = 300 
2, In a quadrilateral fiure ABCD, AB = BC = CD = 60 yds.; AD = 
80 yds., and the angle /)4SB is a right angle : find the area of the figure. 
8. The sides of a five-sided figure ABCDE are 4B 25 ft, BC = 29 ft, 
CD = 39 tt., DE = 42 ft, and EA = 27 ft. ; also 4C = 36 ft., and CE = 45 
ft. : find its area. 


B. Punjab Untversity: Matriculation. 


4. ABCD is a quadrilateral, in which AB = 13 ft., BC= 14 ft, CD= 
24 ft., the perpendicular from A on DC'is 9 ft., and it divides DC’ into twa 
equal parts: find the area of ABCD, 
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C. Roorkee Engineer: Entrance, 
5. ABCDZ i ve-sided figure, and tl:e angles at #7, C, and D are right 
angles: i =18ft., CD = 32 ft, and DE = 13 ft, find the 
area cf the figure, and the length of AZ. 
8. The sides uf a pentagon taken in order are 100, 130, 197, 133, and 04 
ft, and the two diagonals measured from the intersection of the first and last 
sides are 209 and 103 ft. : find the area of the figure. 


D. Sandlinrst. 
7. In the pentagonal fied 4BCDEZ, the length of AC is 50 yds., and the 
perpendiculars from #, D, and £ upon AC are Io, 20, and 15 yds., the dis- 


tances from A of the feet of the perpendiculars from D and £ being 40 and 10 
yds. : find the arew 


EE. Militia: Literary. 

8. The lengths of the sides (in yards) of a six-sided field 4A BCDEF are a2 
iollows: AB = 31, BC=130, CD=38, DE=41, EF= I30, FA= 22, 
Given that the angles at 4 and D are right angles, and that Bis parallel to 
CZ, find the area of the field in square yards. 


F. Additional Examination Question.—JZX. (For Answers, see p. 168.) & 
9. What is the content of the eight-sided figure ABCDEFGH, the diagonal 
AL being taken as a base, and the perpendiculars drawn from the angular 
points to AE being Bb, Cc, Dd, etc. ; and when the lengths of the perpen~ 
diculars above the diagonal are Bb = 294, (c= 142°5, Dd = 224; and those 
below the diagonal are // = 121, G¢ = 1055, Hl = 142 ; and the intercepted 
breadths are AZ = 44'5, #6 = 12425, bg = So, gt=41- d= 120°5, df = 50, 
{£ = 52:5? (Punjab University: Matriculation.) 


CHAPTEkK X 
ON THE FIELD-BOORK. 


58. THE area of a field can be ascertained by means of base-iines 
and offsets, when its boundary may be regarded as a rectilineal 
figure. 

59. Distances along the base-lines and offsets are measured 
with an instrument which is called Gunter’'s chain. This chain is 
22 yds. long, and consists of Too links. y 

60. ‘The surveyor enters the record of these measurements in 
his Field-book. 

Each page of the field-book is divided into three columns. 
‘The central column contains the measurements made along the 
baselines ; the side columns contain the measurements made 
along the offsets. 

‘The ends of a base-line are called stations. 

61. ‘The surveyor begins. his entries at the bottom of the 
central column, and writes upwards. 

‘The first entry tells the direction of the first base-line. The 
second entry tells the distance along this base-line from the first 
station to the first offset. The third entry tells the length of this 
offset, and appears in the right- or Jeft-hand column, according as 
the offset springs to the right or left of the base-line. The fourth 
entry tells the distance along the base-line from the first station to 
the second offset. ‘The fifth entry tells the length of this ofiset. 
And so on until he reaches the end of the first base-line, which is 
called the “second station.” 

If a single base-line has been used in surveying the field, nc 
further measurements will be required. If two or more base-lines 
have been used, the surveyor will proceed along the second base 
line from the second station to the third station in the same way 
as he proceeded along the first base-line from the first station to 
the second station ; and similarly with the remaining base-lines, 
until he returns to the first station. 

‘The stations are often indicated in the field-book thus : 


S4,023,00C,...;o0rth: OOO... 
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fhe direction ot a base-line may be indicated in different 
Ways. For example— 

“ From © A go N. to © B” indicates that the base-line goes 
from the first station to the second station in a northerly direction. 

“ From (©) £0 S.W. to ©? indicates that the base-line goes 
from the first station to the second station in a south-westerly 
direction. 

“ From (©) range E. 30° S. to ©’ indicates that the base-line 
oes from the second station to the third station in a direction 
Bor ; et 
which makes an angle of 30° with the easterly direction, reckoned 
towards the south (see fig.). 


N 


“ From © 2 turn left” indicates that on reaching the second 
station the surveyor turns to the left (not necessarily at right 
angles), in order to proceed from the first to the second base-line. 

When the figure 0 appears in a side column, it*indicates 
that the corresponding point on the boundary of the field is at no 
distance from the base-line ; in other words, that at this point the 
base-line meets the boundary. 

62. As an illustration, consider the following notes taken 
from a field-book. 


TEES Beginning at the bottom of 
Eo TT) the central column and reading 
OB! upwards, we learn— 
0 350 (1) That the base-line starts 
355 175 C at A, and runs due east. 
260! 80 (2) That if we measure off 


! From @ A | range E. So lks. from A along this base- 
line, and then 60 Jks. to our left 
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in a direction at right angles to the base-line, we shall arrive at 
the pot D, which is an angular point of the bounzary. 

(3) ‘That if we measure off 180 Ilks. from A along the base- 
line, and then 75 Iks. to our right in a direction at right angles to 
the base-line, we shall arrive at the point C, which is another 
angular point of the boundary. 

(4) That if we measure off 350 lIks. from A along the base- 
line, we Shall arrive at the point #, which is the second station. 

‘Thus the opposite plan 
may be taken to represent the 
field indicated by these notes, 


5B Where A? represents 80 lks. 
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» AB 350 » 

» LD ED) 60, 
OC, 75 


?' ম্‌ 9 BLES 
Again, consider the following notes, taken Hin a fieid-book, 
2nd the plan of the field to which they refer :— 


From © C | turn left 


o0C 
640 [o) 
434 53 GC 
328 
268 
From © B | range W. 
60° S. 
To © B 
465 0) 
” 310 62 D 
From 4 range N. 


‘Three base-lines are here indicated, a 
lengths are given Hence they can be drawn first. 
The offsets from each base-line can then be 
§ 62. 
‘Jo fut tic area of the figure, use the meth 


> 56. 


drawn as in 


10d explained in 


» 20d their directions and 
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rixamination Questions—X. 
A beginner is ৰ to work out these qucstions in the following ordes . 
; 4s 12, 1, 2, 3,6, 5,9, IO, I. 
A. Allahabad Univ 


1. Make a sketch of a Geld from the ESS notes, and work out it 
MLD, 1 


: Matriculation. 


[e) 


the nght 


() 
Eo 


5 eo N.E. 


() 
I go N.W. 


22. Plan 5 fieia from the following notes, and find its area in acres, roods, 
2nd poles :— 


মা =) 
{ Links, 
O4 
0০! 409 
#20 60 
| 30 | oH 
20 i306 
5) C [) 
‘Turn to | the left 
Lut mE | 
MOLE 
169 o) 
30 20 F 
B 0 
‘Pun to | the left 
{C20 2 
MNS 
510 [o) 
| 100 JE 
; 50 IoD 
e) (2) 
From ©) A go cast 
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8. Plan a field from the following notes, and find its area in aciés. rood 
and voles :— 


ls6 


Cc 
‘Turn to | the right 


B. Pungab University: Matriculation. 


4. Sketcn plan, and calculate the areu of a field ABEGFZ’C fron; the fol 
owing notes :— 


63 
IFrom © 4 
C. Calcutta University : Matriculation. 
6. Draw a rough sketch of the field 4 BC, and calculate its aren 


7oto R 


100 aus 


Begin  O 4 and £0 S.W. 
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6. Draw a plan of the field from the following notes, and find its area : 
Links. 
ToOD 


$9 


750 

630 1600 C 

"To £ 120 300 
OL 

‘Turn to | the right 
OF 
$00 

200 250to C 

From © A | go west 


J. From the accompanying notes (measurements in links) draw a plan @l 
the field, and find its area. 


ToOD: 
600 
400 I20t0o C 
To £ 100 360 
2: 140 to B 
To F160 নট হে 
From © A: 
8 From the following notes in a ficld-book, draw 2 plan of the field, and 
md its area, the measurements being in links — 
s0| TOO B 
30 |o 
240 | 50 
160 0° 
60 100 
$0 50 
[) 0 40 
rom © A 
€ Find the plan anc area of a field from the accompanying field notes. 
Links, 
450 
D 60 300 
200 oc 
160 40 B 
OA |o 
‘Turn to | the left 
OT 
481 [o) 
415 300 
30 40L 
No| 320 
MH 60 240 
ZL 30 180 
K 0 IS0 
ol OH 
‘Tum to | the left 
EA 
[*) 
450 86 G 
120 yo F 
MOE ie 


fs a) Tilementary aL CHSHUNaAlLlOT, 


10. Make a rough sketch of the field ABC, 


and calevlate its area from ths 
@ccompanying field-book ; the chain lines are alt 


within the field. 


Or 
NS 


~ Bh Krom the tolowing notes draw a Plan of the fied, and find its area 


az | 
o SIS 
40 120! 
[) bo 20 
40 [*) 
OC |o 
1 ‘Turn to | the left 
oc 
33 ) 
lLo# |e { 
\ ‘Turn to | the left ষ্ 
OF 
Ioz20 [) 
320 60 


hr ) 
\ From © al £0 east 
B2 Draw a plan, and find the area of a field from the following notes? + 


[ Links. | 
| 


To0o G | 
To F470 00 
bro 
ToD 588 Soto & 
ToCjo| 40 | 


CHAPTER XI. 
ON STUILAR FIGURES: THEIR LENGTHS. 


63. FIGURES are said to be similar when they are of the same 
shape, though they need not be of the same size. ‘Thus the 
A APLC is similar to the A DEL. 


[0 


A BD E 


All squares are similar to one another,’ and ‘so are all 
circles. 
2 The plan of a field is similar to the field itself. Any object is 
similar to itself when magnified. 
If a smaller triangle be cut off from a larger triangle by a 


“straight line parallel to a side, the smaller triangle is similar to 


the larger triangle. 


64. Similar rectilineal figures are equiangular, and their 
corresponding sides are proportionals. ‘Thus, in the similar 
rectilineal figures ABCDE and FGHKL— 


AB: CD = FG: HK 


D 
Cc 
K 
LE H 
0 
A B F 6 


656. If any two lines, straight oF curved, be drawn in a Lure 
and if the two corresponding lines be cuawn in a similar figure, 
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rectilineal or curvilinear, these four lines will be proportionals 
‘Thus in the two circles 4 BCD and EFGH— 
Arc ABC: arc EFG = AD: EH 


G 


Also— 
Circumference ADC: diameter AD = circumference EHGF 
: diameter EH 


PROPOSITION XIII. 

66. Having given one of the sides of a rectilineal Jigure, Jind the 
vemaining sides, when all the sides of @ similar rectilineal SEure are 
ELC. 

Let ABCDE and FGHKLZ be two similar rectilineal figures. 

Let the side 4B of the figure ABCDE measure a of any 


linear unit. Let the corresponding side FG and the other sides 
GH, HK, KL, LF of the figure FGHKLZ measure 2g st#of 
any linear unit respectively. 
It is required to find the remaining sides of the figure ABCDE 
in termsofa,p,g, rs, tt 
Since BC corresponds to GH, and AB corresponds to FG— 
BC: AB= GH:FG . . 564 


that is— 
BC:a=g:p 
Similarly, we see that— 
CD:a=r:p 
DE:a=sifp 


E4A:amt:p 
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Hence ule— 

Any side of a reailineal figure is Sound by takimg its ratio to 3 
Enotwn side of the figure, and equating it to the ratio of the corre 
sponding sides of a siinilar figure. 

Or briefly— 

Any side of first figure : known side of first figure =» 
*. tio of corresponding sides of second figure. 

Any side of first figure: a = dq: p 
where corresponds to a. 


Note.—The same linear unit must be used in expressing ms 
measures of all the sides of the same figure. 


ILLUSTRATIVE EXAMPLES. 

67. Example 1.—The sides of a triangle measure 11, 15, and 33 
ft. respectively. The side 
of 11 ft. corresponds to a 
side of 7 yds. in a similar 
triangle : find the remaining 
sides of this triangle. 

One remaining) __. 
side: a yds. }=7:2 $66. 
where a = 7, 
LERNDONA ECE AT 
=I; 
““. one remaining side : 7 yds, 
«*. one remaining side 


Fhe other remaining side : 7 yds. 
“". the other remaining side 


Es 2.—In a \ ABC, AB = 14 lks., BC = 23 Iks., CA « 
17 Iks. From a point Din the side AB 
2 straight line is drawn parallel to BC so 
as to meet AC in £. If AD = 10 lks., 
find AE. 
The triangles ADE and ABC are 
similar HSN GE i v0 FOE, 
“. AE: AD = AC: AB. . §64- 
But .4D = 10 Iks. 
AC = 17 lks. 
AB = 14 lks. 
e ALE :; 10 lks. = 17 Iks. : 14 Iks. 
“AE = 10lks. xX 4 
170 Iks., 
13¥ lks. 


17 links Mees 


DHMH 
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Ezxomple 3—To find the breadth of an impassable river. 
At a point 1 on the near 
D Dank of the river, which is 
directly opposite an object Z on 
the far bank, draw a straight 
line AB at right angles to AZ. 
Produce AZ to C, so thar 
BC = AB: 
At C draw CD at right 
angles to AC. 
Produce EB to meet CD in 


D. 
Then °.' triangles ABE, BCD are equal in all respects Euc. I. 26 
SCD! AE 


But CD can be mensured without crossing the river. 
"Thus AZ can be found without crossing the river. 


Example 4.—The sides of a right-angled triangle measure 28, 45, 
and 53 in. respectively : find the length of the perpendicular from the 
right angle upon the hypotenuse. 

Let ABC be the triangle, and let CD be the perpendicular from 
the right angle upon the hypotenuse. 

Now, the triangles ABC, BCD, and ACD are all similar to one 
Another, MEAL EACH WENGE Sy Hen 4 


IC: AB. $64 


HE LEO, 


Examples—XI. A. 


1. The base and height of a triangle are I3 in. and 15 in. respectively i 
find the height of a similar triangle whose base i3 0 in. 

2. The base and height of a triangle are 2 ft. 3in. and 3 ft. 9 in. 
respectively : find the height of a similar triangle whose base is 1 yd. 

. If a man of 5 ft. to in. cast a shadow of 3 ft. 2 in., what length of 
shadow will a man of 5 ft. 6 in. cast at the same time and place? 

4. If the sides of a right-angled triangle measure 35, 37, and 12 ft. 
respectively, find the length of the perpendicular from the right angle upon 
the hypotenuse. 

5. If the sides of a right-angled triangle measure 9 yds. 2 ft. 2 in., 3 yds. 
I ft., and 10 yds. 10 in. respectively, find the length of the perpendicular from 
the right angle upon the hypotenuse. 

6. A plan of a field is 1 ft. § in. broad: find the width of the field if the 
plan is drawn to a scale of 4 ft. to the mile. 

7. Two towns on a map appear 1°57 in. apart: find their actual distance 
rom one another if the map is drawn to 2 scale of 170 miles to the inch. 

8, The length of a country appears to be 3°7 in. ona map drawn te a scale 
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+ From a point D, in the side AB of a triangle ABC, a1 straight line is 
Mrawn parallel to the base BC so as to meet the side AC in £: find the length 
Df DE if AP = 14 lks., BC = 10 lks., and AD = 9 Tks. 

12. A man, with his eye to the ground, places himself so that he can see 
the top of an upright stick in 2 line with the top of a tower: find the height of 
the tower if the stick measures 5 ft., and if it is placed at a distance of 9 ft. from 
the man, and 135 yds. from the tower. 


Examples —~XI. B. 


13. The base and height of a triangle are 27 and 19 rasi respectively : find 
the base of a similar triangle whose height is 15 lathas. 

14.. The base and height of a triangle are 3 12 lathas, 5 rasi 9 lathas 
respectively : find the height of a similar triangle whose base is 7 rasi. 

15. Tf the sides of a right-angled triangle are 48, 55, and 73 lathas, find 
the length of the perpendicular from the right angle upon the hypotenuse. 

186. The perimeter and height of a triangle‘are 5 rasi, and I rasi 12 lathas 
respectively : find the perimeter of 2 similar triangle whose height -measures 
2 rasi 6 Jathas, 


Examination Questions—XTI. 


A. Allahabad ' niversty: Matriculation 


1. Give a practical method, by means of geometry, for ascertaining the 
distance of an inaccessible object 4 from a given position 2, Illustrate your 
nieaning by a diagram, 


B. Punjab University: Matriculation. 
2. ‘Tlie area of a trapezoid is 30 sq. ft., and the two parallel sides are 12 
and § ft. respectively : find the perpendicular distance of the longer of the two 
parallels from the point where the two unparallels meet when produced. 


C. Punjab University: Middl? .ehool. _ 
8. The hypotenuse of a right-angled tr ingle is 123 ft., and one side is 
9 yds. : find the length of the perpendicular from the right angle on the 
hypotenuse. 


D. European Sehcols. Final. United Provii.ces. 


4. 4B and CD are two poles fixed vertically in the ground 42 = too ft, 
and CD = 50 ft. dis joined to D, and B to C, by stings, lich cross at Et 
find the height of £ above ?D. % | ৰ 

5. The radius of a circle is 20in. From a point at a distance of 25 in. 
{from the centre two tangents are drawn i the circle: find the distance of the 
point from the chord joining the points of contact. Z 
: 86. The base of a Ente = Gand the height = 4 : find the side of a square 
Inscribed in the triangle, 
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‘ 
BE. Roorkee Engineer: Bntrance. 

, A person, wishing to find the height of a church steeple, onscerves that 2 
A 14 ft high, 48. ft. 9 in. distant from its base, and that from by 
point on the ground II ft. 3 in. beyond the lamp-post, in the line joining then 
bases, the summits of the steeple and lamp-post are in the same straight line 
what is the height of the steeple? £ 

8. The section of a canal is 32 ft. wide at the top, 14 ft. wide at the bottom, 
and § ft. deep. If the surface of the water be 26 ft. wide, what is its depth? 
9. Describe method of finding approximately— 
(1) The breadth of a river. 1 LED b 
(2) The distance Setween two points, one of which is inaccessible and 
remote. 


F. Roorkee Upper Subordinate: Entrance. 


10. The parallel sides of a trapezoid are respectively 16 and 20 ft., and the 
perpendicular distance between them is 5 ft. ; the other two sides are produced 
to meet: find the perpendicular distance of the point of intersection from the 
longer of the two parallel sides. 

11. The parallel sides of a trapezoid are respectively 8 ft. and 14 ft. ; two 
straight lines are drawn across the figure parallel to them, so that the four are 
equidistant : find the lengths of the straight lines. 


G. Roorkee Engineer: Final. 


19. The two legs of a right-angled triangle are 12 and 16; required the 
sles the inscribed rectangle whose area is equal to half the area of the 
triangle. 

18: The hypotenuse of a right-angled triangle is divided into two segments, 
measuring 30 and 20 ft. respectively, by a perpendicular from the opposite 
angle : find the sides of the triangle, also the area in square feet. 

14. In any triangle one side a (opposite the greater angle if the triangle be 
obtuse or right-angled) and the perpendicular & to it from the opposite angle, 
ere given. ind, in terms of a and b, the area of the square of which one side 
lies On a, and the opposite angular points on the other sides of the triangle. 


H. Roorkee Upper Subordinate: Monthly. 


15. The side slopes of a ditch are 5 to 2 and 7 to 2 respectively, and the 


breadth at the top 22 ft. : find the area of a section, supposing the sides to meet 
at the bottom. 


I. Additional Examination Questions.—X/. (For Answers, see p. 168.) 

16. The breadth of the sheet of water in a tank with sloping sides is 
Ro cubits wher the water is 6 cubits deep, and 85 cubits when the water is 10 
cubits deep : what is the breadth when the water is 12 cubits deep? (Punjab 
University : Matriculation.) 

17. A pin half an inch long at a certain distance, and a rod 73 ft. long at 
100 yds. distance, subtend the same angle: at what distance is the pin fro 
he point of observation? {Roorkee Upper Subordinate : Entrance.’ 


CHAPTER XIit. 
ON CIRCLES: THEIR CIRCUMFERENCE" AND AREAS. 


68. A cirde is a plane figure bounded 
by one line which is called the circum- 
ference, and is such that all straight . 
lines drawn from a certain point within 
the figure to the circumference are 
equal to one another. D B 

‘This point is called the centre of the 
circle. 

A radius of a circle is a straight line 
drawn from the centre to the circum- 
ference. 

A diameter of a circle is a straight 
line drawn through the centre and ter- 
minated both ways by the circum- 
ference. 

‘Thus in the circle ABC, BD is a 
radius, and AC a diameter. 

Concentric circles are such as have 
the same centre (see fig.). 


C 


PROPOSITION XIV. 


69. To find the circumference of a cirele, having giver its 
diameter. 

Let ABC be a circle. 

Let its diameter A.B measure 2 of 
any linear unit. 

It is required to find the circum- 
ference of the circle ABC in terms A 
of 2. 

Since all circles are similar figures . § 63. 

.*, the circumference of a circle bears a 
constant ratio to its diameter . § 65. 
‘The value of this ratio is incom- K 

mensurable ; that is, it cannot be exactly expressed in figures, but 

it can be expressed with any degree of accuracy that may be 
required. 
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‘This ratio is denoted by the Greek letter a (fi). 
The value of 7, correct to five places of is $1419 
For practical purposes is often taken equal to 4; ‘ 
Thus in all circles— 
circumference _ 

diameter ™ 
. circumference of circle ABC _ 
Ee TH Ey 
*. Circumference of circle ABC = = xX Ap 

= s X Z linear units 


Hence rule— 


The munber of any linear unit in the diameter of a circle 


multiplied by ew gives ihe number or the same linear unit in the 
Sircumferencee 


{> briefly— 
Circumference of 2, circle 


= = X diameter 
Of iad Ee (3 
% (i) 
oases d= Wa oA 
ন 


ILLUSTRATIVE EXAMPLE 


TO. Example 1.—Find the circumference 
of a circle whose diameter measures 2 yds. 
Ift.9in. (r= 22) 

Circumference of circle = 14 in. . § 69. 
Where d= 7 x 1249 = 93 


ands =; 


Il 


+. circumference 22 J 
of circle os CH 
2923 in. 


8 yds. o ft. 43 in. 


Hl 


Lxample 2.-——Find the radius of a circle 
whose circumference measures 10C ch. 


Diametei of circle = Cc Ch. £5, 
= 
where © 
and ঠি 
s+ diameter of circle = sls X Toc Sh. 
LC radius of circie diameie 
++ Tadlus of circie YX 5C ails 


100, 
22: 
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Example 3.—How many revolutions will a wheel make in tra vel- 
ng half a mile if its diameter measure 2S in.? (# = 


Circumference of wheel = sd in. . § 69. 
where @ = 28, 

andr= 22; 

«‘. Circumference of wheel 


mc eme- eo 282------,--- 
“. number of EE) 
in travelling half a mile] = §§ in. 
_ 880X3X1I2 in. 
CORES 7 
= 360 


Example 4.— Assuming that the radius of the earth is 4000 mi., 
find how long it would take a man to travel round the equator at an 
average rate of 10 mi. an hour. (# = 22.) 

Length of equator = rd mi. . . § 69. 
where 4 = 2 Xx ooo, 
andr = 22; 

, length oA} = 

equator 


«, required time = 


= 7X02 
= 104 days 18 hrs. 17} min. 


ramnple 5.— ln turning a two-wheeled carriage once round a ring, 

it was observed that the outer wheel 

made 1 revolutions for every single 

revolution of the inner one, the wheels 

being 4 ft. 6 in, apart: required the 

circumference of the circle described 

by the outer wheel, the diameter of each 

wheel measuring 3 ft. 

Circumference of outer circle 3° 

circumference of inner circlef = If: 1 

TEE 
Now, if the radius of the inner circle 

Measure 7 ft, the radius of the outer 

circle will measure (7 + 43) ft. 


~* radius of omer circle = (6 + 4%) ft 
1 


1600 Elementary Mensweration, 


Hence— 
circumference of circle described by outer wheel 


HNL 


Example 6.—The well of a winding staircase is 6 ft. in diameter, 
tts height to the top landing is 35 ft., and the handrail makes 3% revo- 
hutions ; find the length. .(# = *?.) 


A 


D C6 

Consider a rectangle ABCD. such that AB measures t x 6 ft, anc 
AC measures (35 7 3%) ft. = 10 ft. 

If this be bent so as to form a hollow cylinder, the diagonal 4 
will be seen to make a complete revolution round the cylindey. 

Hence, if this cylinder be taken to represent a section of the stair 
case, the line AC will correspond in length and position to the 
handrail. ১g চী 

Now, according to the question, the handrail makes 3% revolutions 

+". the total length-of the handrail will equal length of AC x 33 
NABEE BC x 31. SNe OSA NEARER BTN 
M362 + Ioo x 33 ft. 

6 X (22): 


3 —— + I00 x 33 fh. 


= F/22324 ft, 
= t XxX 149412... 
= 74'706,.. ft, 


Example 7.—The hands of a clock are 6 in. and 4 in. respectively 
find the difference between the distance: 
traversed by their extremities from II a.n: 
On March 3rd to 9 a.m. on May 5th. (+ = 32.) 
Interval from March 3rd 
(Ir a.m.) to May 5th (9 a.m.) 


}=62 days 22 hrs 
= 1510 hrs. 
Now, in 12 hrs. the hour-hand makes 
one complete reyolution ; therefore during 
the given interval, hour-hand makes 2 tad 
complete revolutions, and minute-hand makes 
I51o complete revolutions. 


On Circles: their Circumferences and Areas. Ior 


*,, total distance traversed by the 
extremity of the hour-hand 

and by the extreinity of the minute-hand 

“, required difference 


}= +৯ 4 = 3 in. 


iT X 6 X 1510 in. 

is X ISIO(6 — J) in. 

=2* 22% 510% 17; 
TEXTS mn. 

5378476... in. 


Example 8.—1t takes a manu half a minute less to cros. 

field by following the diameter than by following the লোন) 

walking 4 mi. an hour: find the circumference of the field. (+ = %#.) 
Let the circumference measure x yds. 


s ডে 
Then the diameter will measure = yds. . § 69 


= T+ ds. 
Now, the man walks 4 x 1760 yds. in 60 min. 
ি E2 ox 2 2 
FILES BAR 5 7 I X1760 x2 2 min. 
BD ND 2 nl 076022 min. 
But these two times differ by half a minute. 
60 Xx 60 X 7X 
+ DONE LE +I 
**4 x 1760 %X2 GGT GOES 
i 8% = 21x 2 


.X=3 
+, the circumference 0! he field measures 3228 yds. 


Example 9.—h perfectly flexible rope of 2a in. in diameter is coiled 
:losely upon the deck of a ship, 6 
and there are # complete coils : 
prove that the length of the rope 
=. anl2n + 1) in. 

If the figure be taken to repre 
sent the coil of the rope, then the 
dotted line may be taken to indi- 
cate the length of the rope. 

But this is seen to cons! 
series of semicircles, Viz.— 
(1) a semicircle on 2a in. a5 diam. 


stofa 


£2) যা i 4a in. 39 
(3) J EAL 
{4 bs EA BAD ee 


And 50 Op. 
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Hence — 

Length of rope = =a in. + 2a in. + 32 in + . + s2n.2 in. $69 
=a +24+3+.+2n)in. 
= Ta. EAC + 1)in. 


= .anl2n + 1) in. 


PROPOSITION XV. 


71. To find the area of a circle, having given ils radius. 
Let 45D be a circle. 


Let its radius CA measure 7 of any 

oD linear unit. 

It is required to find the area of the 
circle ABD in terms of 7. 

Let AB be one of the sides of a 
regular polygon of 2 sides inscribed in the 
circle ABD. 

7s From C, thie centre of the circle, draw 
CZ perpendicular to AB. 
AB Join C2. 
Then— 


ABXCE 
Area of polygon =n X — I~ a Ros STAYS 


Ee ee x CE 


= (perimeter of polygon) x radius of inscrihec 
circle 

But as the number of the sides 

Increased, the area of the polygon 

* thetcircle 4BD, and the perimeter of the polygon will be the 

circumference of the circle ABD, and the radius of the inscribec 
circle will be the radius of the circle 4 BD. 

Hence— 


of the polygon is indefinitely 
will be ultimately the aren of 


Area of circle ABD = Ycircum. of circle ABD) 


p ৰ X (radius of circle ABP) 
But circumference of circle ABD = 27 linear units . . § 69. 


‘*. area of circle ABD 7 X 7 Sq. units 
= Ts? Sq. units 


Hence rule— + a 

The square of the number of any linear unit in the radius of ¢ 
circle multiplied by a gives the number of the corresponding sg#ae 
wut in the ared. 
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Or briefly— TIS 
Area of circle = s(radits) - 
A SA 4 (15) as 


Hence r = ME 4072 (11) 


72. If R and 7° denote the radii of \ 


the outer and inner circles respectively > 
which bound a plane cireular ring, it is NSE 
evident that— ড 
Area Of ring = (=A: — a:") sq. units 
=T(R* — 7°) sq. units 
= s(R — I)(R + 7?) sq. units 


ILLUSTRATIVE EXAMPLES. 
138. Example 1.— Find the area of a circle 
whose radius measures 6ft.3in. (r= #2.) 
Area of circle = 7° sq. in.. §71. 
X12. 3:7 75 


where 7 = 


x (75) sq. in. 
BIL Sq. in. 


76784 sq. in. 

122 sq. ft. 110% sq. in. 
Lrample 2.—Find, to the nearest inch, the radius of a circle waco. 

aren measures 1 ac. (= 3.) 


Radius of circle = IE yds. . §7L 


where A = 4840, 


andr= 5 


8. 
+, radius of circle = YEE yds. 


", area of circle 


= NV 1540 yds. 
= 39242... yd 


S. 
= 39 yds. 0 ft. 9 in. nearly 
ath, 14 ft, wide, surrounds a circular lawn whos 


7 yample 3A 
EN E find the area of the 


diameter is 120 yds. 
path. (m=) 
Radius of inner 

radius of outer 


, area of) _ — 180) (194 + 180) sq. ft. 
path ) (94 fe ) 2 


circle=60 x 3 ft. = I8o0 ft. 
circle= (180+ 14) ft. = 194 ft. 


22 X 14 X 374 Sq. tt. 
16,456 sq. ft. 
1828 sq- yds 45 ft 


AH 


Elementary Mensuration. 


Erempis 4-—The inner diameter of a circular building is 54 #t. 


and the base of the wall occupies a space of 352 sy. ft.: find the 
thickness of the wall. 


Let x ft. = the outer radius of the 


building. 
‘Then the space occupied by the 
base of the wall # 
§ =" 8822 (27):}-Sq te $72. 
+. Hf -(27)"} = 352 
C22 = 332 X7 3 (27: 
= B41 po 
<. 2 = 29 
Hence the thickness of the wall 


= 28. 


Example 5.—The area of a circle is 154 sq. in. : find the length of 
the side of the inscribed square. (r= 2%.) 


Radius of circle = NE DLN 


“ radius of circle = AEE in. 
=7 in. 

. Now, ABC is an isosceles right-anglec 
triangle in which AC = 7 in. 

SSAA B27 2D ONE TYE 65017. 
XI1A4I4.. in. 

= 989... in. 


Examile 6.—The areas of two concentric Circles are 
and 308 sq. in. respectively ; find the breadth of the Ting. 


Radius of larger circle = Vz in, §71 
যা 
where 4 = 308, 


=; 


“radius of larger cire= / 1 in 


= V/I4 x7 in. 
= 702 in. 


Radius of smaller circle = in.§73 
where A = 154 
CE 
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‘". radius of smaller circle = SV tT, 
ন 


=7 in. 
‘". breadth of ring = (7/2 - 7) in. = 289 .. . in. 
h Example 7.—If three men buy « grindstone one yard in diameter, 
30w many inches of the diameter is il 
2ach man entitled to grind down? 
If AGB represent a section of the 
grindstone, then AB will be a diameter. 


Area of circle AGB = a7° sq. in. . § 71. 


where7 = ¥ = 18; 
«. area of circle 9 = (18)? sq. in. 
"area of portion ground| _ i 
A each man | (18)! sq. in, 
+, area Of circle ELF = (18): sq. in. 
i.e, fr. EF? = Jn(18)* sq. in. 
EF = NV432 in. 
= 20784... in. 
Again, area of inner ring = 3=(CD* — EF°) = ja(18)°3q. in. . § 
ES "HCD: — 432) = ¥(18)* sq. in. Ud NE 0 
+. CD: = §64 sq. in. 
. CD = V864 in. f. 
= 29393 + +. in. 
and CE + FD = CD-— EF 
CE + FD = (29°393 + + - — 20784 . - .) in. 
= 8609 in. nearly y 


Again— 
AC+ DB= G El — CD 

= (36 — 29'393 - - ) in. 

= 6'606 in. nearly 

Hence the men are entitled to grind down 6'606 . . . in., 8'609 . . 
in.) 20'784 . . + in. of the diameter respectively. 

Example 8.—Four equal circles are described about the four 
corners of a square so that each touches 
{wo of the others : find the area of the 
space enclosed between the circum- 
ferences of the circles, each side of 
the square measuring S'8 ft. (+= 4.) 


Since each side of 038 ft. 
5 oe RE 

'. the radius of each of) _ 2. 
the circles fy le 70 

‘. a quadrant of each) _ .0)3 
of the circles JE 2 


Now, the area of the enclosed space 
5 = area of square — 4 Xx area ofa 
quadrant of any one of the circles 
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= (58): sq. ft. — = xX (295g. ft . . 359 
= 3364 sg. ft. — 26°43 + Sq. ft. 
= 7'2 sq. ft. nearly 


Examples—XII. 
CIRCUMFERENCES. 
(r= 

Find the circumferences of the circles having the following diameters :== 

1. 21 in. 

2. 18 yds. 2 ft. 

3. 17 yds. 2 ft. 8 in. 

4. 23 ch. 52 Iks. 

Find the diameters of the circles having the following circumferences :— 

5. 88 in. 

6. 14 yds. 2 ft. 

7. 68 yds. 1 ft. 4 in. 

8. 464 ch. 42 lks. 

9. The wheel of a locomotive has a diameter of 30 in. : how far must it 
travel to make 2100 revolutions? 

10. Find the cost of fencing a circular grass-plot of radius 56 ft., at the rate 
Df 12 annas a yard. 

11. What is the length of the side of a square whose perimeter is equal to 
the circumference of a circle 42 in. in diameter? 

12. At what rate must a bicycle travel in.order that its driving whecl, of 
28 in. diameter may make 540 revolutions every 5 min.? 

13. Find cae thickness of a circular ring, if the inner and outer circum 
ferences measure 4 in. and 5 in. respectively. 

14. If we assume that the earth describes a circle round the sun, and tha 
the earth is distant 95,000,000 mi. from the sun, find the distance traversed by 
the earth in half a year. 

15. The diameter of one wheel of a bicycle is 2 in. greater than the 
‘liameter of the other wheel, and the first wheel is found to make 48 revolu- 
tions less than the other wheel in covering « distance of one mile : find the 
diameter of each wheel. j 

16. The hands of a clock are 4 in. and 3 in. respectively : find the differ 
ence between the distances traversed by their extremities in 2 days 6 hours. 

17. The gauge of a circular railway is 5 ft. 6 in., and the outer wheels are 
each found to make 10,000 revolutions while each of the inner wheels aie 
making 9998 revolutions : find the radius of the circle described by the inne 
wheels. 


ARF 
(= = 2%.) 
Find the areas of the circles having the following radii :— 
156. 14 yds. 
19. 10% in. 
20. 1 ft. 2.in. 


21. 9 yds. 1 ft. 
92. 2 yds. I ft. 7 in, 
23. 4 ch. 20 lks. 
94. 2 po. 4 yds. 
5. 3 ch. 7 is 
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- Find the radii of the circles having the following areas :— 
26. 154 sq. yds. 
27. 462 sq. in. 
28. 10 sq. ft. 100 sq. in. 
29. 0°154 sq. ch. 
80. The rent of a circular field is Rs.4620, at the rat. 
LET chains are there in the dete? 1 ots EE 
. A circular piece of metal, whose radius 5 i 
Rs.77 : how much is this per square inch? HL PE aS 
82. Find the cost of turfing a circular lawn whose diameter measures 49 ft 
b , 


at 12 annas per square yard. 
. 83. Find the rent of a circular field whose diameter measures 840 yds,, at 


Rs.15 an acre. 

34. The radius of a circle is 18 ft. : find the radius of another circle whose 
area is one-third of the area of this circle. ( 

35. Find the area of a circlé whose circumference measures one mile. 

88. Find to the nearest anna the cost of surrounding a circular grass-plot 
with a path of a uniform width of 4 ft., at the rate of 6 annas per square yard, 


if the diameter of the grass-plot is 42 ft. 
37. ‘The radii of the inner and outer circles of a ring are 24 and 25 ft. 


respectively : find its area. 
38. The radius of the outer circle of a ring is 21 in. : find the radius of the 
inner circle if the area of the ring measure 26 sq. in. 

89, Find the circumference of a circle whose area measures one acre. 

40. Find the radius of a circle whose area is the same as that of a rectangle 


meisuring 132 ft. by 64 ft. 
41. Find the side of a square whose area is the same as that of a circle of 


radins 7 ft. { ও = ' 
49, The side of a square is 42 in. find the area of the space between the 


e and the inscribed circle. ! 
f rope by which a horse must be tethered in order 


graze over 2200 sq. yards. 
cle is equal to the perimeter of an equilateral 


squr 
43, Find the length 0 
that he may be allowed to 
44, ‘The circumference of a cir 
triangle : compare their areas. 
45. The area of a circle is equal to the area of # square: compare theit 


crimeters. 


Examination Questions—XII. 
(Take # = #, unless otherwise stated.) 
A. Allahabad University Matriculation. 
1. Assuming the circumference of a circle to be 3} times the diameter, fina 
the circumference of the circle whose area is 1386 sq. ft. 
ft. in radius is surrounded by a ring of gravel: 


29. A circular grass-plot 40 
4nd the width of the gravel so that the area of the grass and gravel may be 


equal. 
B. Punjab University : Matriculation. 


3. Find the area of the ring, the outer and inner radii of which are 3 yds. 
and 5 ft. respectively, by a method other than that of subtracting the area ot 


ene Circle from that of the other. t 
4, Find in yards correct to three laces of decimals, the radius of a ci 


which encloses an acre. 


108 Elementary Mensuration, 


Find the expense of paving a circular court 80 ft. in diameter, at 

Y- 0 per square 8 EE the centre a space for a fountain in the shape 
of a hexagon, each side of which is 1 yd. (sr = 3°1416.) 4 

6. The area of a rectangular field is three-fifths of an acre, and its length 
is double its breadth : determine the lengths of its sides approximately. 

If a pony is tethered to the middle point of one of the longer sides, 
find the length of the tether in yards, correct to two places of decimals, in order 
that he may graze over half the field. (z= 31416.) 


C. Punjab University: Middle School. 


J. The area of a circle is 385 ac. : find its circumference. 

8. The radii of two circles are 6 and 8 ft. respectively : find the radius of a 
circle whose area is equal to the sum of the areas of the two circles. 

9. Assuming that the circumference of a circle is 3°1416 times the diameter, 
determine, as fur as four decimal places, the radius of the circle of which the 
circumference is 2 fur. and 60 yds. 

10. The radius of the outer circle of a ring is 342 ft., and the radius of the 
inner circle is half of that : find the area of the ring. 

11. The area of a circle is 50 sq. yds. : find the radius. 

12. A road runs round a circular grass-plot ; the outer circumference is 
500 yds., and the inner circumference is 300 yds. : find the aren of the road. 


D. Caleutta University : Matriculation. 
18. The circumference of a circle is 100 ft. : find the length of the side of 
the inscribed square. The ratio of the circumference to the diameter is 3°14159 : 1. 
(Answer to be correct to two decimal places.) 
14. A two-wheeled carriage, whose axle-tree is 4 ft. long, is driven round 
2 circle ; the outer wheel makes one and a half revolutions for every single 
revolution of the inner one ; the wheels are each 3 ft. high: what is the cir- 
cumference of the circle described by the outer wheel? 
16. A man, by walking diametrically across a circular grass-plot, finds 
that it has taken him 45 sec. less than if he had kept to the path round the 
Outside : if he walks $0 yds. a minute, what is the diameter of the grass-plot? 


E. European Schools: Final. United Provinces. 


186. The radius of a circle is 4/2 ft. : find the difference in area between 
the A RY নলা in the circle and the circle inscribed in the square. 
. A regular hexagon is inscribed in a circle of radius 1 ft. : 
areas of the hexagon and the circle. AEH 


F. Madras Technical: Intermediate. 


,_ 18. The difference between the circumference and diamet ন 
“60 ft, + find the radius. ra SAE 


G. Roorkee Engineer: Entrance, 


19. A circular grass-plot is surrounded by a ring of gravel b feet wide : if 
the radius of the circle, including the ring, be a feet, find the relation between 
a and b so that the areas of grass and gravel may be equal. 

20. A garden in the shape of a TE EE Parallel sides are 1000 and 
900 yds., and the length 800 yds., has an elliptical pond in its centre, whose 
diameters are 300 and 400 yds. respectively: how many square poles are 
available for cultivation? (Note.— Area of ellipse = 1 . ab, where a and 6 are 
the semi-diameters.) (s = 31416.) 

21. A circular grass-plot, whose diameter is 40 yds., contains a gravel 
walk 1 yd. wide, running round it one yard from the edge : find what it wil) 
cost to turf the grass-plot at 44d. Pez square yard, 
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392. A wire cable is formed of six wires twisted ro 
Siameter of each being one-eighth of an inch ; the EEE AY ন 
FLEE one turn in § in. : find the length of wire required to make a 

28. A perfectly flexible rope of 22 in. diameter is coiled closely upon the 
deck of a ship, and there are 24 complete coils : what is the length of the rope? 

24. The circumferences of two concentric circles are 62'832 and 
37°6992 ft. : find the area between the circles. (z= 3°1416.) 

6. What will be the expense of paving a circular court of 30 ft. diameter, 

‘at 2s. 39. per square foot, leaving in the centre a hexagonal space of 34 ft. side? 

26. Two men, A and B, purchase a grindstone I yd. in diameter for 
RI যে ERE a Pays Ro and the other Rs.7: now, supposing 
the axle-hole to be 1 ft. in diameter, how many inches 0! 2 

ind down before sending it to B? NET EEE 

27. Prove the following statement: The area of the space between two 
concentric circles is equal to the area of a circle which has for its diameter a 
chord of the outer circle which touches the inner circle, 

98. In turning a chaise once round a ring, it was observed that the outer 
wheel made 13% revolutions while the inner made II, the wheels being 4 ft. 
10} in. asunder : required the diameter of the wheels, and of the circle made 
by the inner wheel. |, 

29.. The end of a room is 27 ft. wide and 18 ft. high, and has a circular 
window 9 ft. diameter, centre 8 ft. from floor, in it: find the length of paper, 
18 in. broad, that it will take to cover it. ন | 

30. Supposing the earth were spherical, and that its circumference measured 
25,000 miles, the distance from Saharunpore to Agra being about 200 mi., find 
how high vertically a man must ascend at one of these places in order to see 


the other. (+= 3°1416.) 
H. Roorkee Ubper Subordinate: Entrance, 

B81. A circular grass-plot, whose diameter is 70 yds., contains a gravel 
walk 5 yds. wide round it, 35 yds. from the edge: find what it will cost to turf 
the grass-plot at Rs.2 a square yard. 

82. Two men, A and B, purchase a grindstone 30 in. in diameter for 
Rs.12, of which’ A pays Rs.7, and B Rs.5: now, supposing the innermost 
10 in. of the diameter as useless, how many inches of the radius may A grind 
down before sending the grindstone to B? 

33. A road runs round a circular shrubbery ; the outer circumference is 
and the inner circumference is 420 ft. : find the area of the road. 
he area of the largest circle that can be inscribed in a square 
q. ft.? Give also the length of its circumference. 

f a gravel path, 4 ft. wide, round a circular plot 


500 ft., e 
84. What is t 
whose area is 5,499,025 5 
35. Find the area 0 


whose diameter iS 55 yds. ্‌ L hd 
86. The well of a winding staircase is 5 ft, in diameter, its height to the 


top landing is 45 ft, and the handrail makes 3% revolutions: required its 


length. 4 J ৰ 

BT. In cutting four equal circles, the largest possible, out of a piece of 

cardboard 10 in. square, how many square inches must necessarily be wasted ? 
= 3°1416.) {! HTS 

(1 8d diameter of a circular building is-68 ft. 10 in., and the 


38. The inner dis € 
thickness of the wal: is 22 in. : find how many square feet of ground the base 


of the wall occupies. (m= 3°1416) { 
39. If a circle has the same erimeter as a triangle, the circle has tht 


greater area : verify this statement in the case where the sides of a triangle an; 


9, 10, and 17 ft 
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gs ircular pond is to be dug: what must be the length of the cord 
REECE Se ference is to Be described, so that it shall just occupy 
half an acre? 
I. Roorkee Engineer: Final. 

41. The radius of the inner boundary of a ring is 14 in. ; the area of the 
ring is Io sq. in. : find the radius of the outer boundary. 

42. In driving a gig round a circular lawn, it was observed that the wheel 
which vas kept close to the grass made only two turns, while the other wheel, 
which was on the gravel, made three : calculate the area of the lawn, the wheels 
being 5 ft. apart on the axle. Answer to be given in Square feet. (f= 

"14159. tz & 
$ AE train runs in a circle whose radius is 2 mi. : if the gauge is 5 ft. 6in., 
and the circuit is made in 40 min., how many miles an hour do the outer wheels J 
move faster than the inner ones? h E r 
44. The well of a winding staircase is 7 ft. in diameter, its height to. the 


top landing is 36 ft., and the handrail makes three revolutions : required its , 
length. k 


TJ. Roorkee Upper Subordinate: Monthly. 


4B. A road runs round a circular plot of fround ; the outer circumference 
of the road is 44 yds. longer than the inner : find the breadth of the road. 

46. A horse is tethered by a chain fastened to a ring which slides on a rod 
bent into the form of a triangle : find the area outside the triangle over which 
he can graze, the sides of the triangle being 30, 40, and 50 ft. respectively, and 
the length of the chain 15 yds. 

47. If a regular hexagon be inscribed in a circle, of which the circumfer- 
ence is 10 ft. : find the area of the space enclosed between them. 


K. Sandhurst. 

48. Find in feet, to three Places of decimals, 
of which is equal to the area of a regular hexag. 
(1 = 31416.) 
b . 105 halfpennices lying on a flat Surface, 
Just contained by a frame in the form of 
of ahalfpenny being 1 in., show that th 
and calculate its area approximately. 

50. Assuming that t= 31416, find the radius and 
Circle, the area of which is 5'309304 sq. fl, 


the radius of a circle the area 
On, the side of whichis 2 ft. 


with their edges in contact, are 
an equilateral triangle : the diameter 
ie side of the triangle is (13+ V3) in., 


the perimeter of a 


L.. Additional Examination Questions.— XIL. (For Answers, see p. 163.) 


51. Two equal circles of diameter 0 in. touch one another, and from the 
Point of contact as centre a third circle of radius 9 in. is drawn: find the 
radius and the area of the circle inscribed in either of the two Spaces enclosed 
by the three given circles. (Roorkee Upper Subordinate : Entrance.) 

2. The times taken by a cyclist going at a steady rate respectively round 
the outer and inner edges Of a circular track are as 23 to 22, and the width of 
the track is 15 ft. : find the diameter of the circle forming the inner edge of the 
track. (Roorkee Engineer : Entrance.) 

1 a circle of unit radius a regular hexagon is inscribed, and in the 
fiexagon another circle: find correct to four decimal Places the area of the 
ring enclosed between the two circles. = = 3°14159. (Punjab University : 
Matriculation.) 

54. Find to four figure 


S the ratio of the perimeters of a circle and a regular 
fiexagon of the same area. 


= = 314159. (Roorkee Engineer: Entrance.) 


CHAPTER XIII 
ON CIRCLES: THEIR CHORDS ANL ARCS. 
74. A chord of a circle is a straight line joining two points 8 


the circumference. 
An arc of a circle is a part of the 


circumference. B 

‘The straight line joining the ex- 
iremities of an arc is called the chord of BE C 
the arc. 


The perpendicular from the middle 
point of an arc upon the chord of the 
arc is called the height of the arc. D 

Thus in the circle ABCDE, ED is 
a chord, ABC is an arc, AC is the 
chord of the arc ABC; BF'is the height 


of the arc ABC. 


PROPOSITION XVI. 
T5. To find the chord of an are of a circle, having given th, 
height of the are and the diameter of the circle. 
Let ABC be an arc of the circle 


ABCD. 

Tet BZ, the height of the arc, and 
BD, the diameter of the circle, measure 
# and d of the same linear unit respec- 
tively. 
It is required to find the chord of 
the arc in terms of h and 2. 

‘The area of the rectangle contained by 
BE and ED = the area of the rect- 
angle contained by 4 E and EC 

Euc. II. 35. 

But the area of the rectangle contained by BE and £D 

measures /(d — /) of the corresponding square unit . . §8. 


“rectangle AZ. EC = (2 — A) square units 
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"That is— 
square on AE = A(d — #) square units (since AE = ZC) 
“. AE = Jd —b) linearunits . . . 59. 
LAC =2NAG-hA) 
Hence rule-— 


Multiply the number of any linear unit in the height of an arc by 
#he difference between this number and the number of the same linear 
unit in the diameter of the circle; then twice the square root of the 


product gives the number of the same linear unit in the chora of the are. 
Or briefly — 


Chord of ar arc = 2V/ height Xx (diameter — height) 
25 SHO Sh) OO) 


Hence d = h + দ্‌ sl 2 aha bn FERLIER RA (1) 
Ea 3s 
andh = CE oo oly) 


ILLUSTRATIVE EXAMPLES. 


TG. Example 1.—Find the chord of an 
arc whose height is 24 in., in a circle of 
radius 15 in. 


Chord of arc = 3/Ma ~ #) in. . § 75. 


where # = 24, 
and a= 30; 
r «e chord of arc = 23/24 x 6 in 
et ae 
= 24 in. 
Example 2.—The height of an arc is 
= 7 in., and its chord is 42 in. : find the dia- 
meter of the circle. 
2 
Diameter of circle = (+ ar ঢ় ) in.. $75. 


where hh = 7, 
anda=21; 


«". diameter of circle 


| 


(7 ন) 2s 
UN es i 


= 70 in. 


Example 3.—In-a circle of diameter 25 in. the chord of an arc 
Win : find its height. 


Hf 
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Height of arc = TEE TG in. §75. 


here 3 = 25, 
and a = 10; 


." height of arc = 25/05 20) 25420) 


= 20in. or 5 in. 
. These two answers obviously refer to the two arcs into which the 
circumference of the circle is divided by the chord. 


PROPOSITION XVII. 


TT. To find the chord of half an are of a circle, having given 
the height of the arc and the diameter of f A 
the airche. 

Let ABC be an arc of the circle 


ABCD. 
Let BE, the height of the arc, and 


BD, the diameter of the circle, measure 
# and 2 of the same linear unit respec- 
tively. 
It is required to find the chord of 
half the arc in terms of 4 and 4. 
Join 4B and AD. 
*,* the triangles ABE, ABD are similar 

Euc. III. 31 and VI. 8. 

DB: AB = ABS BNE 8164: 
», area of square on AB = area of rectangle contained by DB 

andAEBLMNE MAE ARUC VINTT: 


But the rectangle contained by DB and BLE measures dh of 
the corresponding square unit. ee eee § 8. 


, area of square on AB = dl square units 
+, AB = Nd linear units . § 09. 


Hence rule— 
Multiply the number of any linear unit in the height of an arc by 


the number of the same linear unit in the diameter of the circle ; then 
the square root of the product Sves the number of the same Jineas 


tunit in the chord of half the are. 


II4 < Elementary ensuration. 


Or briefly— 
Of are 
b= J/dh Ee ESE EE) 
Henced = T° AEA PE ASMA (GD) 
andh=b. 000 GMOS G0 0) 


ILLUSTRATIVE EXAMPLES. 


78. Example 1.—The height of an arc 
is 3} ft., and the diameter of the circle is 14 
ft. : find the chord of half the arc. 


Chord of half the arc = Jah tft. §77. 
Where 4 = 14, 
and =3};5 
+ Chord of half the arc = NI4 XT. 


= Va49 tft. 
=7tt 


Example 2.—The height of an arc is 5 in., and the chord of hai 
the arc is 1 ft. 3in.: find the diameter of 


Alo DS the circle. 


Diameter of circle = S In 677, 


Where 6 = 15, 
andh=5; 
‘". diameter of circle = = in. 
¥ = 45 in. 
= 3 ft, 9 in. 


Example 3.—Find the height of an arc of a circle, when the chorg, 


of half the arc is 3 Ch. 57 lks., and the 
NN diameter of the circle is 7 ch. 


2 
Height of arc = 5 ch, + +877 


= ক} == 


Where & = 3°57, { 
andd=7,; 
H height of arc = iY 357 Cy, 
: = 0°51 X 3°57 ch. 
: = 1'8207 ch. 
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Example 4.—In a circle of radius 65 
ft., two parallel chords are drawn on the NIB 
same side of the centre, measuring 126 ft 
and 112 ft. respectively : find the distance 
between them. 


GE = distance between parallel chords 
= FE — FG 
:— / FBR: GBH: §16. 


= [/(65):= (56): / (65):— (63)°] ft. 
= (33 — 16) ft. 
107555 
Example 5.—Assuming that the radius of the earth is 4000 mi., fing 
approximately how many feet above the 
earth’s surface a person must ascend in 


A 
order to just see an object on the earth’s Sp 
surface distant 12 mi. from him. ¢ 


J) 


TE —_—_—_—_ 
= - 


nO 


A person stationed at B must ascend to 
A in order that he may just see an object 
placed at D. 
AD? = AG x AB . Euc. Iz. 36. 
=(4B+ BG) x AB 


Now, AD may be taken equal to the 
arc BD = 12 mi., and if # denote the 


number of feet in AB, ক will denote the 


number of miles. 
Thus we have— 
Ah 


# 
2 = — & am 
(12) (25 +8) 4 
Le (25) + 8000 X h 
_ \ 5280 5280 


But # is small compared with 5280, therefore ্ is a small frac- 


tion ; therefore (Zs ) is a Still smaller fraction, and may be 


neglected. 
Hence— SECON 
| (12): = 525 EL 
280 - 
ork = A EEE 
= 95°04 approximately 
Thus-- ঠ < 
required height = 9504 ft. 


Note.—lIt is only when #% is small compared with 5280 that we can 
5 h 
aeglect the fraction 25) 15 
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PROPOSITION XVIII. 


79. To find the length of an arc of a circle, having given the 
radius of the circle and the angle subtended by the arc at the centre. 


Let AB be an arc of the circle 
ABCD. 

Let OA, the radius of the circle 
ABCD, measure r of any linear unit. 

Join OF. 

Let AOS, the angle subtended by 
the arc at the centre, measure a°, 

It is required to find the length of 
the arc in terms of r and a. 

Draw OC at right angles to 0A. 

In any circle arcs are proportional 
to the angles which they subtend at the 
EE NE EE UC V3: 
+‘. in the circle ABCD 
arc AB:arc ABC = / AOB: L AOC 

But + AOC = 90° 
*". arc ABC is the fourth part of the circumference 
prc ABET CTELCEICHCTCE TOR 


That is, arc AB: = a: 90° ETE 2 1869: 
0 
tv arc AB = 36a X 277 linear units 


Hence rule— 

The length of an arc is obtained by multiplying the circumferena 
Of the circle by 3 » Where a° is the central angle of the arc. 

Qr briefly— 


Length of are = central angle of arc 


360° X circumference 
of circle 
পৃ a 
1= 560 X 2M eee eee) 
Hence a = 360 x 5 ID ON OND OS () 
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ILLUSTRATIVE EXAMPLES. 


80. Example 1.—The radius of a circle is 1oo in. : find the length 
bt an arc which subtends an angle of 32° at 
the centre. (T= = 2.) 


a I 
Length of arc = B60 X 277 in. . § 79. 


where r 
a 
গল 
“. length of arc = Ee ne in. 
= 380 in. 
= 5585 in. 


Example 2.—The radius of a circle is 
1 ft. 3 in.: find the angle subtended at the 
centre by an arc of 2} in. (T= 27.) 


L 
= | (-) a 
Central angle = 360° x 5 § 79 
where / = 2}, 
7 = 15, 
= 3% $ 
ত Le FS RSELITBSY 
". central angle = 360 সহসা 55 
= 4f deg. 
= 8224 


Laxample 3.—The length of an arc of a circle is II ch., and it sub- 
tends an angle of 3° 20' at the centre : 
find the radius. (r= #7.) 


Radius of circle = 2? x £ch. 879 


chs. 


+, radius 2 _ISOX7XIIXS ch 
circle J 22 X IO 5 
= 189 ch. 


PROPOSITION XIX. 


81. To find the tength of an arc of a circle, having given ‘he 
chord of the are and the chord of half the are. 


Rule— 
From eight times the chord of half the arc subtract the chord of 


ihe arc; then one-third the remainder will Live the length of the arc 
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Or briefly— 


l 8 Xx chord of semi-arc — chord of are 
Arc of circle = ন 


‘The proof of this formula involves a knowledge of the higher 
mathematics, and is for this reason omitted. 


This formula only gives a close approximation to the true 
length of the arc. The error diminishes as the central angle of 
the arc diminishes. When, therefore, the arc has a large central 


2ngle, it is advisable to find the length of half the arc by means of 
fhis formula, and then double the result. 


ILLUSTRATIVE EXAMPLES. 
82. Example 1.—The chord of an arc is 2 ft. 9 in., and thé chord 


Of half the arc is 1 ft. 6 in. : find the length 
A nS of the arc. 


Length of arc =i, + $81. 


Where 2a = 33, 
and 6 = 18; 
‘" length of arc = 144 = 33in, 
= 1}1 in. 


= 37 in. = 3 ft I in. 
Example 2.—Find 


Pet the length of 
 in., in a circle of radius 60 rE f an arc whose chord measures 


B Let 4 BCD be the given circle 
‘Then we know thie 
OA = 60 in. 
ALE = 48 in. 


= 24 in. 
4B = JUS GED in.. 
= 53665... 
Now, length of arc ABC = $Y 


. 
«here 6 = 53665, . . 
anda= 148: 5 
se length of arc ABC = £2932: : = 96; 
= IIVIO...in, 
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In working out examples on the chords of circles, it will be found 
advisable to draw a figure in cach case and investigate it separately, 
rather than trust to remembering the formule. 


Examples—XIII. 
Chords of a Circle. 


(॥ = %.) 
2. The height of an arc is 8 ft., and the diameter of the circle 40 ft. : find 


the chord of the arc. 
2. The height of an arc is 9 in., and the chord of the arc is2ft.6in.: 


find the diameter of the circle. 
3. The chord of an arc is 7 ch. 50 Iks., and the diameter of the circle is 


12 ch. 50 ks. : find the height of the arc. j, 

4, The height of an arc is 1 ft. 9 in., and the diameter of the circle is 
2 yds. 1 ft: find the chord of half the arc. 4 

5. The height of an arc is 7 ch., and the chord of half the arc is 12 ch. 
60 lks. : find the diameter of the circle. 

6. The chord of an arc is 4 yds.2 ft, and the height of the arc is If, Iin.: 
find the chord of half the arc. 

TJ. The height of an arc is 3°6 ch., and the chord'of half the arc is 8'5 ch. : 
find the chord of the arc, 

8. The chord of an arc is 4 ch. 40 lks., and the chord of half the arc is 
2 ch. 21 Iks. : find the height of the arc. 

9. Prove that— 


6 
d= 
A b?°—a 
where a denotes half the chord of an arc, & the chord of half the arc, and d the 


liameter of the circle. 
10. The chord of an arc is 9 in., and the chord of half the arc is 7#¥ in. : 


find the diameter of the circle. 
11. The height of an arc is 2 ft. 37n., and the chord of half the arc is 


5 ft. 3 in. : find the distance of the chord of the arc from the centre of the 
circle. 


Ares of a Circle. 
(গ = %#.) 
12. The radius of a circle is 1 ft. 4in, : find the length of an arc which 


ds an angle of 30° at the centre. 
bles adits of a circle is 7 ft. 7 it-.: find the length of an arc which 


ds an angle of 45° at the centre. K 
A She ins Ie circle is 2 ft. II in. : find the length of an arc which 


5 an angle of 7° 12’ at the centre. 
subi Fe radius of a circle is 6 in: find the angle subtended at the centre 


an arc of JT in. 
i 6. The adie of a circle is 45 Tks, : find the angle subtended at the centre 
by an arc of 33 Iks. Et, 

2 IT: The radius of a circle is Io ft. : 


arc of 4ft.7 in. ব্‌ & j 
i 18. he SE of an arc of a circle is 77 Iks., and it subtends an angle of 
2° IE’ at the centre : find the : radius. 


find the angle subtended at the centre 
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19. The length of an arc of a circle is 2 yds. 2 ft. 3 in., and it subtends 2 
angle of 7° 30’ at the centre : find the radius; A 28 
hh 208 Er of an arc is 1 ft. 7 in., and the chord of half the arcis 11 in.?r 

imately the length of the arc. 
Eo PET FEennl of an ঠি is 6 ch. 24 lks., and the chord of half the arc is 
4 ch. 32 Iks. : find approximately the length of the arc. ঠা R 4 

22. The chord of an arc is 48 in., and the radius of the circle is 30 in.: 

find the length of the arc. 


28. The chord of an arc is 2 ft. 8 in., and the height of the arc is I ft. 
find approximately the length of the arc. 


Examination Questions—XIII. 
(Take 1 = #, unless otherwise stated.) 


A. Allahabad University: Matriculation, 


2. The difference between the areas of two squares inscribed and circum- 
scribed about a circle is 338 sq. ft. : find the radius of the circle, 


B. Funjab University: Middle School. 
2. The chord of an arc is 5 ft., and the diameter of the circle is 7 ft. : fina 
the height of the are in inches to four decimal places, 


8. The chord of an arc is 8 yds., and the chord of half the arc is 13 ft. t 
find the diameter of the circle. 


4. The chord of an arc is 10 ft., and the Height of the arc is 2 yds, : find 
the diameter of the circle, and the chord of half the arc. 


C. Caleta University: Matriculation, 


5. The chord of an arc is 100 ft., and the angle subtended by it on the cit. 


cliniference is 10° : find the radius of the circle, the height of the arc and the 
chord of half the arc. 


D. European Schools : Final. United Provinces. 


8. The chord of an arc is 36 ft., and th: hord of half the atc is 1 [] 
find the diameter of the circle. Ae TOE 2 ) ELE: 


E. Madras Technical: Elementary. 
‘7. Find the length of an arc of a circle whose radius is 6 ft, the chord of 
the arc being 8 ft, 


F. Madras Technical: Intermediate, 


rb Find the arc of a circle whose radius is 8 ft., the chord of the arc being 
12 ft, 


G. Roorkee Engineer: Entrance. 


9. The tops o, two vertical rods on the earth’s surface, cach of which is 
10 ft. high, cease to be visible from each other when they are 8 mi. apart: 
what is the earth's radius? 

10. O is the middle point of ¢ straight line 42, 10 in. long, 
centre a circle is described with radius 7 in. 5 Pis a point on the 
such that PA = 5 in. : find PB. 

11, The area of an equilateral triangle, whose base falls on the diameter, 
and its vertex in the middle of the arc রড semicircle, is equal to 100? what 
the diameter of the semicircle? 


and from O as 
Circumference, 
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12. Given the chord 20 ft., and height 4 ft., of an arc of a circle, find ths 
diameter and length of arc. 


H. Roorkee Uffer Subordinate: Entrance. 

139. AB and AC are the chords of a circle at right angles to one another 
their len are 30 ft. and 40 ft. respectively: find the height of the arc AC; 
and the diameter of the circle. f 

14. The chord of half an arc is 2 ft. 6 in., and the diameter of the circle is 
4 ft. 2 in. : find the chord of the arc. 

156. The radius of a circle is 7 ft. : find the perpendicular from the centre 


on a chord 8 ft. long. 
16. A segment 0) a circular ring is 2} ft. thick, the chord of the inner arc 


is equal to the radius; find the mean length of the segment. ‘The length of the 


radius is 10 ft. 
17. The chord of an arc is 49 ft., and the chord of half the arc is 25 fit 


And the diameter of the circle. 

18. Find the length of the minute hand of a clock, the extremity of which 
moves over an arc 5 in. in length in 3% min. 

19. The height of an arc was found by measurement to be 7 ft. 9f ina 
and the chord of half the arc 15 ft. 7 in. : with what radius had the arc bees 


described? 
I. Roorkee Engineer: Final. 
20. Two parallel chords in a circle are 6 in. and 8 in. long, and 1 in. apart 


find the diameter. A ৰ 
91. The chord of an arc is 24 ft., and the height 5 ft. : find the length ot 


Cc. 
thes The diameter of a circle is 12 ft. : find the side of the square inscribed 


5 58. Find the area of a square inscribed in a quadrant whose radius is A/ 3s 
two sides of the square being coincident with the radii, 


J. Roorkee Upper Subordinate: Monthly. 


24. The span of a bridge, the form of which is an arc of a circle, being 
96 ft., and the height 12 ft., find the radius. 

98. The width of a circular walk is 4 ft., and the length of the line which 
js a chord of the outer circumference and a tangent to the inner circumference, 
is 20 ft: find the area of the walk, (# = 3°14159.) 
K. Additional Examination Questions.—AXIII. (For Answers, see p. 168.) 


296. Calculate the distance of the borizon from the eye of an observer stand- 
ing on the Kutab Minar, the height of eye from the ground being 240 ft., and 
the size of the earth 8000 miles through. (Punjab University : Matriculation.) 

27. Four circles are each 1 in. in diameter. They are placed so that two 
of them touch two of the others, and the remaining two touch three of the 
others: find the area of the rhombus whose angles are at thei: centres, 

j s : 4th Grade. [ 
54 ERLE ofa LEE BC is a chord subtending au angl> of 
20° at A; CD is drawn perpendicular to AB. ITHAC= ION3 in, find AB 
and AD. (Roorkee Upper ubordinate : Entrance.) j 

99. A lighthouse is to be constructed at a distance of 42 miles from a port : 
how high should it be in order that the light may be just visible from the port, 
taking the average height of a man as ft.? (Roorkee Upper Subordinate: 
Vontkly.) [a 


CHAPTER XIV. 
ON CIRCLES: THEIR SECTORS AND SEGMENTS. 


. 83. A sector of a circle is a figure bounded 
by two radii and the arc inic:Ssnted between 
them (see fig.). 
‘The angle contained by the two radii is the 
angle of the sector. 
A segment of a circle is a figure 


bounded by a chord andthe part of 
AAT the circumference it cuts off (see fig.). 

| “A zone of a circle is a figure bounded 
HAN by two parallel chords and their inter- 

cepted arcs (see fig.). 


PROPOSITION XX. 


84. To find the area of a sector of @ circle, having given the 
radius of the circle and the angle of the 
sector. 

Let OAB be a sector of the circle 
ABCD. 

Let OA, the radius of the circle 
ABCD, measure + of any linear unit. 
Let 40B, the angle .of the sector, 
measure a>. 

It is required to find the area of the 
Sector in terms of 7 and a, 

Draw OC at right angles to 0A. 

In any circle the areas of sectors are proportional to their 
Ingles CC. 1. Euc: VI. 33: 
‘. in the cil ABCD, area of 
sector OA B : area of sector ooo} = = £403: £L AOC 
But £ AOC = 90° 
+". sector AOC is the our part of the circle ABCD 
area of circle ABCD _ Z 40B: go 


se Area of sector OAB: 


That is, area of sector OAB:™ sq. units = a: 90° § yt 
4 


0 
a 

366° X গু 8q. 

| units 


‘". area of sector OA = 
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Hence rule— 
The area of @ sector is obtained by multiplying the are@ sf hk 


circle by 6’ where o° is the angle of the sector. 
3 


Or briefly— 
Area, of sector = ADE IOIOUELCION X area, of circle 
360° 
BOT TEI? 
Hence « = 360 . 2s OO ONG SOLO) 
ADEN SEO Et LE (Gl) 
a Cr 


Ls ILLUSTRATIVE EXAMPLES. 
85. Example I.—In a circle of radi ft, 2 in. find the area of 
a sector whose angle measures 75° (ক = £4.) 


Area of sector = 360" sq. in. . § 84. 


here a = 7 
whe: a Ii A 
LAE ILS 
*. area of পৃ 2 LAS 
sector }= Seb * Xx (14) sq. in. 
= 128} Sq. in. 


Example 2.—The area of a sector is 77.sq. Iks.; the r div 
25 Iks, : nd the angle of the sector. oe = &£.) LL 3 adius is 


The angle of the sector = 360° X 3 3 § 84 
where A = 77, 


EE হি) 


ss 
*. angle of sector = 360° x => 2I 21 
= 20° 


Example TD area of a sector is 44 sq. in. ; the angle of the 
sector is 40°: find the radius of the sector. (T+ = 34.) 


60, 360A. 
Radius of sector = VA x Fin. § 84 


where « = 40, 
4 = 44 
"i 360A XT in, 
«. radius of sector = VY 6 5 


NV/126 in. 
= = It 225 in. nearly 
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— Three equal circles are so Placed that the circum- 
FEehhet i ference of each touches the other 
two. If the diameter of each circle 
measure one foot, find the area of 
the unoccupied space between them, 
(1 = %£.) 

If the centres 4, B, C of the 

Circles be joined as in the fi re, it 

is evident that 4 BC is an equilateral 

triangle of side = i ft. 

+". area of equi-) _ V3 

lateral A dBc} TAL ft. $21, 
ow, unoccu- 

EEO} =a oO? ALI 
— 3 Xx area of 
sector ADE 

and area of sector ADE = ঠXক ২ (3) Sq. 


SISZL 


p (since 4 BAC = 60°)" 
« the unoccupied space S = 3 sq. ft. — 3 X42 Xt sq.ft. 
= 3603 sq. in. — 56'571428 sq. in 
= (62353 — 56571) Sq. in. nearly 
= 5'782 sq. in. nearly 
PROPOSITION XXI. 
86. To find the area of @ sector of a dircle, having given the 
tngth of its are and the radius Of the circle. 
Let O04B be a sector of the circle 
ABCD. 
Let 42, the arc of the Sector, 
measure / of any linear unit, Let OF. 


the radius of the circle ABCD, measure 
C ¢ of the same linear unit. 


স্x) It is required to find the area of the 


1B sector in terms of Z and Fo 
ৰ Draw OC at right angles to 04. 
In any circle the Areas OI sectors are 
Proportional to their arcs . Euc. VI. 33. 
-. in the circle ABCD, area of রী! 2 
sector OAP : area of sector oct = arc AB: arc ABC 
But £ AOC = 90° 
+". sector OAC is the fourth part of the circle ABCD 
and src ABC is the fourth part of the circumference ABCD 
irc] 
area of sector OAR : oe 43CD 
es arc AR : CiiCcumference চা Circle A BCZ 


AE 
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That is— 
Area of sector OAB: = = 7:2 5 


© + + §§77, 69. 


«area of sector OAB = 1X “x A sq. units 
LN cre 
= YF/r sq. units 
Hence rule— 
Multiply the number of any linear unit in the arc of a sector # 
Whe number of the same linear unit in the radius ; then half the pre- 
duct will give the number of the corresponding square unit in the aree. 


Or briefly— 
Area of sector = ¥ X arc X radius 
ATTN EERE (4), 
Hence la UAE NG 
ক . (ii. 


2A 
andr= se OLN oy ee ont (l) 


ILLUSTRATIVE EXAMPLES. 
87. Example 1.—Find the area of a sector whose radius measures 

2 ft. 8 in., and arc 1 yd. 2 ft. 
Area of sector = ¥/r sq. ft. . § 86. 


where 7 = 28, 


and/=5;5 
+, area of sector = 3 X 5 X § sq. ft. ১২১ $ 
= 68 sq. ft. ২২২২২ < 
= 6 sq. ft. 96 sq. in. ~~TyZ 21° 


Example 2.—Find the length of the arc of a sector whose ared 
measures 10 sq. yds. 6 sq. ft., and whose radius measures 8 yds. 


Length of arc = 24 ES EE 8:80; ‘| 


where A = 96, ¥) 
andr = 24; 
*, length of arc = 20 ft. 
= 8. 


Example 3.—The area of a sector measures 4'8 sq. che, 
and the length of its arc 60 Iks. : find the radius. 


Radius of sector = 2 Ch. eo ‘886: 


where A = 4'8, 
and / = 06; 


se radius of sector = 2 ত ch. 


= 16 ch, 
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Example 4.—A field is i TR EEE Toecnce triangle, Rn 
250 yds. along each of its equal sides, and 300 yds. along its 
HEE EE 8 base: what must be the length 
of a tether fixed at its apex and 
to a horse’s nose to enable him 

to graze exactly one-fifth of it? 

Let the A ABC represent 

the field. 

If AD represent the length 
of tether required, the sector 
ADEF will represent the area 
grazed. 

Draw AH perpendicular to 

C HC. Join DF, DE. 

Let AD measure x yds, 

It will be necessary to find (1) DEF, (2) DE, both in terms of x, 
80 that we can express the length of the arc DEF in terms of x, and 
then the area of the sector ADEPF in terms of x. 

To find DF By similar triangles— 


DEB CAD ABL Sa el aM 64. 


To find DE. By similar triangles— 
CA CEA DAHA BLUE oN NET 


But AH = V(250)5— (I50)i yds. . . 


= W400 Xx Io0 yds. 
= 200 yds. 


Do ১ 3 eal fe 4x 
GE = 4E 4G = (= - 4) yas. 


= 2 yds, 
Now, DE=DE GE L816 
 DE= (3) + (5) xs 
EZ 


ALY yds. 


5 
hence length of arc DEF = H8 x DE - DE). 


= ge EVOL yds. 


end area of sector ADEF = $ x AD x arc DEF. .. . § 86. 
=} Xx 3( 6 
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Sut area of sector ADEF = t x area of \ ABC 
=F XE 


where c = 300, 
€ = 250; 
. this area = T x 290 /(500)£ — (300)? sq. yds. 
=x ES OLE ee 


= 6000 sq. yds. 
“ঠসকসঠ- (CAVE 
=) 
ZY" 
5 40-5) == 6900 
22 OOO 
4 lo — 
= e001 fio + 
160-9 


= 90000 x 156490. . 
ISI 
= 1498412 nearly 
= 9327 nearly 
fl +. 2 = 96 nearly 
hence required length of tether = 96 yds. nearly 


PROPOSITION XXII. 


i To ied Br ৰ“ a segment of a circle. 
t may be seen from the figure that an: ivi 
circle ABCD into two EEA EU AC CAE 

(1) The segment ACS, which is less B 
than a semicircle, and which we shall call 
the minor segment. A 

(2) The segment ACD, which is S 

reater than a semicircle, and which we 
shall call the major segment. 

It is also evident that— 

(1) Area of minor segment ACB 
= area of sector OABC—area of AOAC. 

(2) Area of major segment ACD 
= area of sector OADC +area of AOAC. 

Hence rule— 

Zv find the area of a segment of a circle, find the area of the 
sector zohich has the same arc, and then subtract or add ihe area of 
the triangle formed by the radii and chord, according as the segmeni 
is Jess or greater than a semicircle. i 

Or briefly— 

Area of segment = area Of sector 7 area of triangle 


D 


ay Elementary Mensuration. 


ILLUSTRATIVE EX.\MPLES. 


89. Example 1.—The radius of a <ircie 
is 8 ft., and the angle of the sector is 66°: 
find the area of the segment. (sr = 22.) 


Area of seg- \_ area of sector OABC < 
mene AC } area of A OAC. . § 88. 


Now, area of a 9 
sector 04BC)= 35 X 7° sq.ft. . . $84 


Where a = 60, 
and7=8; 


. area of sector OABC = [i x Sr x 8 sq. ft 
Sq. ft, 


gq. ft. 
y = 33'523 sq. ft. nearly 
and area of \ OAC = at sqft. NRCG 


sherea = 8; 
+". area of A OAC = 27°712 sq. ft. nearly 


hence, area of segment = (33'523 —~_27'71z) sq. ft. nearly 
= 5811 3q. ft. nearly 


Example 2.—lIn a circle of radius 17 in. a segment.is cut off by a 
thord whose length is 30 in. : find the area of the segment. 
Segment ACB = sector OABC - \ OAC . . $88. 
Now, AOAC =} x ACx ODsq.in.. . . . $20. 
where AC = 30, 
and OD = /OAT— 4D’ = V7 =i: = SEE EIA 5 816. 
*. AOAC = t x 30 Xx 8 sq. in. 
= 120 sq. in. 
and sector 0ABC = } X arc X radius . . . § 86. 


$ X /r sq. in. 


Where 7 = 17, 


B ans LEELA TOD 4 8: 


AIS EE 00 
Uy C = 36°64 nearly 3 


5 s* sector OABC = ¥ x 36°64 Xx 17 sq. in 


nearly 
= 31144 Sq. in. nearly 


Hence— 

segment ACS = (31144120) sq. in. 
nearly 

I91'44 5g. in. nearly 
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Example 3.—Find the area of a segment vht 
g0 in., and whose height meas res 9 in. OEE PSER 
JLT 0 0 Uo RU 
also = 2th eee HELA 
CI2hr = 2 +h 
atk (SP FOL 


2AN — 12X59 


7 = 


that is— 
radius of circle = 17 in. 
Proceeding now as in previous ex 
ample, we find that area of segment 
equals 191°44 sq. in. nearly. 
Example 4.—The span of a circular arch of 90° is 120 ft, ; find the 
1rea of the segment. 
Segment A CB =sector 0A BC—-AO0ACS88. 
Now AOC = 90° 
0D = AD = 6o ft. 
and OA = ADN2=60oN2tft. .§17. 
Again, sector OABC = fF of circle 


«, area of sector OABC = Es sq. ft. . §7L- 
where 7 = 602, 
and area of AOAC = 30h sq- ft. . § 20. 
where b = 120, 
and lh = 60; AE 
FE OOBER 
“", area of segment = (* KUTT x I20 x 60) sq. Ee 
= (5657 — 3600) sq. ft. 
= 2057 sq. ft. 
—Find the side of a square inscribed in a segment of 
circle the chord of which is 12 In. and the height 4 in. a 
Tet each side of the square measure + in. 
Then in the figure we have— 
‘E: 


Example 5 


EF = xin. 
AB = I2 in. 
CE= 4in, 
Now, DF x FC = & CT TD OBTCADUD OE) 
° DF= ~~ in. 
4 
= 9 In. 


*. DE = DF+ FE = G0+2)in. 


also CE = (4-7) in. 
But CE x ED =GE Euc.III.35 


Ed 


0D 36-52 = 
x 


oe 144 — 20% — 4 = 2 
zh 4-H 
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By solving this equation we find-— 
2 = 3727 nearly 
Hence each side of the square measures 
3°727 in. nearly 


PROPOSITION XXIII. 

50. To find the area of a segment of a circle, having Given the 
shord and height of the arc. 

Rule— 

Add together one-fourth of the square of the number of any linear 
unit in the chord of the arc, and two-Afths of the syuare of the 
umber of the same linear unit in the eight; then multiply the 
square root of the sum by four-thirds of the number of the same 
near unit in the height; and the Lroduct will give the number of 
the corresponding square unit in the area Of the segment. - 

Or briefly— 


HEAL I RGN 
Ares. of segment = 3 height / (i chord® + চ height: ) 


a= fe G+ 3) 


‘The proof ot this formula is omitted, since it depends upon 
the higher mathematics, 


‘The area of the segment as given by this formula is somewhat 
greater than it should be; but the error is very small, especiallv 
when the central angle of the arc is small. 


Note.—For an alternative method, see § 89, Example 3. 
ILLUSTRATIVE EXAMPLE. 


91. Example 1.—Two equal circles intersect in such a Way that the 


circumference of each passes through the centre of the other: if the. 


F radius of each circle measure 1 ft., find the 
area of the space common to both circles. 


Area of space com- } 
নে = nt 
mon to both circles/ = 2 X area of segme 


ALO 
=2X$h/ G+ 3A sq. 
ft... $90. 


where # = number of feet in BD, 
andce= ” ACS 


Now, 2 = a = jt. 
also AD: = 4B: BD. . $16 
Go 
$ুহ 


eet = 
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Hence— 
Required area=2 x § x3 x / {IW 37+ 23073} so. & 
= $V + Tb) sq. ft. 


FCG) sq. ft. 
X 0922 sq. ft. nearly 
= 1°22 sg. ft. nearly 


Example 2.—If two parallel chords of 

# zone on the same side of the centre of the 0 
circle are 120 ft. and 104 ft. ; and their 
distances from the centre 25 ft. and 39 ft. : 
find the area of the zone. ME 
Area of zone ABDE = area of segment r : 

ACE = a of segment BCD. Nl 
Now, area 0! = TET 
segment 5) = $V GEFED sq. ft. $90. 
where ¢ = 120, {খে 
and (50+) = 60 x 60, that is, f = 40. ১২২ 


«*, area of seg- TEETER 
Area OFACE-} = § x 40x CGT BO)sa fi. 


¢ = 34727 sq. ft. nearly 
Also area of segment BCD = HG +3 sq.ft... 
where c = 104, and h(78 +2) = 52 x 52, tha DEH TTT $90. 
, area of segment BCD = & x 26 x (G2): 4 3 C6): sq. ft 
18906 sq. ft. nearly i 


Henceareaof zone A BDE = (3472'7 — 18906) sq. ft. nearly 
= 1582°1 sq. ft. nearly 


Examples—XIV. 
On Sectors. 
(== কব.) 

1. In a circle 01 radius 16 in., find the area of a sectol shose angle 
measures 60°. ধ ৰ 

9. In a circle of radius 3 ft. 4in., find the area of a sector whose angle 
measures 45°-. + 

3. In a circle of radius 14 yds., find the area of a sector whose angle 
measures 6° 40’. A 

4, In a circle of radius 13 ch. 50 Iks., find the area of a sector whose 
23gle measures 13° 7 SON ¢ et 

B. The area of a sector 1s 40 sq. ft. ; the radius is 15 ft. : find the angle 
of the sector. £! ST 

6. The area of a sector 1s 80 sq. ft. 5 the radius is 16 ft. : find the angle 
the sector, 5 

3. The area of a sector 1s 8 sq. ft. ; the angle of the sector is 45°: find 


Ye radius of the sector. ty b 
8. The area of a sector 1s 36 sq. in. 5 the angle of the sector is 1p°: find 


the radius of the sector. 
3 Find the areaol a 
10. Find the area 0% 2 sec! 


6Fds. 1 ft 


f a sector whose radius measures 15 in., and arc #8 in. 
tor Whose radius measures 3 yds.-2 ft., and are 


2 


$2 Elementary Mensuration. 


321. Find the length of the arc of a sector whose area measures 15 sq. ft.s 
adius 6 ft. 

end 6 the length of the arc of a sector whose area measures 3 sq. ft. 
12 sq. in., and radius 4 yds. 2 ft. t < bs 

13. The area of a sector measures 24 sq. in., and the length of its arc 8 in. : 
find its radius. 

14. The area of a sector measures 2 sq. ft. 108 sq. in., and the length of 
its arc 5 ft. 6 in. : find its radius. g f t 

15. The area of a sector is 75 sq. in. ; the area of the circle is 125 Sq. in. : 
find the angle of the sector. 

16. The chord of a sector is 6 in. ; the radius is 5 in. : find the area. S 

17. The area of a sectoris 240 sq. ft., and the area of the circle is 
DE ft. : find the length of the arc. t= 3°14159. 


In a circle whose area measures I ac, find the area of a sector whose 
angie measures 75°, 


On Segments. 
(1 =.) 


19. The radius of a circle is 10 in., and the angle of the sector is 90°: find 
the area of the segment. 

. Find the area of a segment of a circle of radius 2 ft. 6 in., if the chord 
of the segment subtends an angle of 120° at the centre of the circle. 

1. Jind the area of a segment of a circle whose chord measures 5% ft., and 
subtends an angle of 60° at the centre. . 

22. The chord of a segment is 8 ch. 40 Iks., and it subtends an angle of 
90° at the centre of the circle : find the area of the segment. 

. In a circle of radius 14 ch., find the area of a segment whose chord 
15 equal to the radius of the circle. 

+ In a circle of radius 10 in:, find the arca of the zone between two 
Parallel chords drawn on the same side of the centre and. subtending angles of’ 
30° and 60° at the centre res] ectively. 

25. In a circle of radius ft., find the area of the zone betw 
chords drawn on opposite sides of the centre and subtending a 
120° respectively. 

286. Find the area of a Segment whose chord 
height measures 2 yds, (Use § 90.) 


27. The span of a circular arch of 60° is 140 ft. : find the area of the 
segment. 


28. Find the area of the major segment cut off by a chord of 1 ch. from 
2 circle whose radius is 1 ch. go lks. 


een two parallel 
ngles of 90° and 


measures § yds., and whose 


Examination Questions—XIV. 
(Take 7 = %#, unless otherwise stated.) 


A. Allahabad University: Matriculation. 


1. Three circles, each of radius 1 ft., touch each other : find the ares of tha 
eurvilinear figure included between them. sr = 3°14159. 


B. Punjab University: Matriculation. 

9. A circular disc of cardboard 1 ft. in diameter is divided into six equal 
sectors, by pencil lines through the centre. In each sector there is described 
2 circle touching the two bounding radii of the Sector, and also the arc Joining 
their ends at its middle point. If the circles are cut out from the six sectors, 
find the srea of cardboard remaining. - 
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8. Thearea of an equilateral triangle is 17,320°5 sq.ft. About each angular 
point, as centre, a circle is described with radius equal to half the length of a 
side of the triangle. Find the area of the space included between the three 
Cir'S. (T= 314159.) 

C. Calcutta University: Matriculation. 


4. Find the area of a secto." of a circle with radius 35 ft., the angle of the 
sector being 15°. 

5. A chord of a circle subtends an angle of 60° at the centre : if the length 
of the chord be 100, find the areas of the two segments into which the chord 
divides the circle. 


D. European Schools: Final. United Provinces. 


6. A field in the form of an equilateral triangle contains half an «tet 
what must be the length of a tether fixed at one of its angles and to a hosoe's 
nose, to enable him to graze exactly half of it? 


i E. Madras Technical : Elementary. 
“7. ‘The length of the arc of a circle is 14 ft., and the radius is 10 ft. : find 
the area of the sector. 

8. Find the area of a sector when the radius is 50 ft., and the length of 


arc 16 ft. 
9. Find the area of a segment of a circle whose radius is 6 ft., the chord 


of whose arc is 8 ft, 
F, Roorkee Engineer : Entrance. 


10. If two circles be described on the bounding radii of a quadrant of 2 
circle whose radius is IO ft., as diameters, find the area of the figure common to 
both circles. T= 3°14159. Sa 

11. Find the area of the space which is common to four equal circles which 
intersect each other, their centres being at the angular points of a square, and 
their radii equal toa side of the square. ঠি ট; 

192. The radius of a circle is 75; a zone of that circle has one of its parallel 
chords coinciding with the diameter, and the other equal to the radius : what is 
the area of the zone? T= 314159 . 

183. Find the area of the zone of a circle contained between two parallel 
chords whose lengths are 96 and 60 in., and their distance apart 26 in. 

14. The area of a segment of a circle which is less than a semicircle is 
I Sq. ins the length of the arc of the segment is 2} in., and the perpendicular 
Jet fall from one end of the arc on to the diameter passing through the cther 
md is ¥ in. 8 what is the radius of the circle? f } f 

15. A gentleman has a lawn in the shape of a circle; this he divides into 
and in each he cuts out a circular walle 10 ft. in breadth, the outer 


quadrants, 2 Ff) 0 | 
edge of which touches the arc of the quadrant and its two radii. lf theradjius 
ve circle be 100 ft., find the whole area of ground covered with grass. 


f the lar r ): 
j 16. Jrind the area of the zone of a circle whose diameter is 20, the parallel 


chords being 12 and 16, and both on same side of diameter. 
17. Find the side of a square described in a segmentof a circle, the hiord 
of which is 20, and height 5 in. 

18, If the centre of a circle whose diameter is 20 is in the circumference 
bf another circle whose diameter is 40, what are the areas of the three induded 
spaces? Y 

19, The diameter of a circle is 25, and two parallel chords in it, on the 
same side of the centre, are 20 and 15 : find the area of the zone contained Sy 


them. 
20. ‘The two parallel chords of a zone on opposite sides of the centre ast 
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18 and 24, and their distances from the centre 12 and 9: find the aren of [-."] 
one. } 
EE SE ED Se Cr on 33: 
Eee es SE ie 1a ie that can be cut out of the segment 
EEE EES 5 ডী ‘height 4 ft. of an arc of a circle, find the 
2 CS REET for finding the area of a triangle, a regular polygon, and 
ector of a circle. 


G. Roorkee Upper Subordinate: Entrance. 

25. Three equal circles intersect each other so that the circumference ot 
cach passes through the centres of the other two: find the area of the figure 
common to the three circles. 2 

286. The chord of a sector is 6 in., the radius is 9 in. : find the area of the 
sector. 

27. A field has the shape of an isosceles triangle whose base is 500 yds., 
and side $00 yds. : what length of rope shall I require to tether a horse at the 
apex of the triangle, so that he may graze over 1000 sq. yds.? 

28. Two boys, amusing themselves at a game called snatch-apple in a room 
30 ft. high, find that by standing 12 ft. from each other, the apple, which is 
Yuspended from the ceiling by a string, and is in a right line between them, 
NESE touch each of their mouths : find the area of the sector formed by the 
apple and the string, the height of each boy’s mouth from the floor being 3 ft. 

29. The radius of a circle is 2 in. ; two,parallel straight lines are drawn 
init, each an inch from the centre: find the area of the part of the circle 
between the straight lines. 

80. The circumference of a circle is 11 ft. : find the length of the radius, 
and the area of the segment cut off by a2 chord equal to the radius. 

81. Find the area of a sector, and of the segment of a circle whose chord is 
24, and height 6. 

32. The diameter 0. a rupee is Tf in. : if three of these coins be placed on 
a table so that the rim of each touches two others, it is required to find the area 

the unoccupied space between them. 

33. The radius of a circle is 25 ft. ; two parallel chords are drawn, each 
qual to the radius : find the area of the zone between the chords. T= 314159. 

: The radius of a circle is 12 ft. ; two Parallel chords are drawn on the 
Same side of the centre, one svbtending an angle of 60° at the centre, and the 
other an angle of 90° : find the area of the Zone between the chords. 

35. Find the area of a segment of a circle whose radius is 12, and chord 16. 

8 What is the area of the sector of a circle whose arc.of 24° measures 
to ft.? 

H. Roorkee Engineer : Final. 


87. Two equal circles of 1 in. radius are distant 2 in. from each other, and 
a cord passes tightly round them, crossing between them : find the length of 
the cord and the area enclosed by it. (+= 3°14159.) t 

88. A circle whose diameter is to ft. Passes through the extremities of a 
diameter of another, and bisects a i at right angles : find the area of the 

both. (r= 3°14159. z 

PAT Tine of aS iSI টু ft. ; two parallel chords are drawn on the 
same side of the centre, one subtending an angle of 60° at the centre, and the 
ether an angle of 120°: find the ares of the zone enclosed between the chatds 


CHAPTER XV. 


ON CIRCLES: INSCRIBED AND TRCUMSC 2 
CI 
TAN ASCRIBED 2, 


PROPOSITION XXIV. 

bE radius of the inscribed circle, having given the sides 

Tet 0 be the centre of the 
circle POR inscribed in the AA BC. 0 

Then, if P, QO, R be the points AN 
of contact between this circle and 
the triangle, OL, O00, and OR will 
be radii of the inscribed circle, and 
they will be perpendicular to BC, 
CA, AB respectively . Euc. IV. 4. 

Let OR, the radius of the circle 
POX, measure 7 of any linear unit, 
Let BC, Cd, 4B measure a,b, c of 
‘he same linear unit respectively. 

It is required to find 7° in terms of a, b, and c. 


Join 0A, OB, OC. 


f $ 
Sc) = area of A BOC + area of ACOA + urea of A AOB 
SOP BCE. O0CA FEC AB 
ঠ eS, pd - ঠি y 
(fra + Hrd + 270) sq. units i 220 


= 7 a sq. units 
SUD TLE £18123: 
e TRC _ area of AABC 
units {= s linear units 
LAS 
7 == 
S 
Hence rule— 


The number of any Square wnt in th ure Of a triangle divided 
6y The number of the correshonding Zincar unit in 1s semi-berimete 
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Fives the number of the same linear unit in the radius of the inscribed 
circle. ] 
Or briefly— 
area, of triangle 
semi-perimeter of triangle 
r= 
5 
PARTICULAR CASE. 


93. Eduilateral triangle. 
If 2 linear units denote each side of an equilateral triangle— 


Radius of inscribed circle = 


po a2 
‘Then area of triangle = S Sq. units § 21, 


and semi-perimeter | = 3৫ |; yy 
of triangle =" ‘near units 
Now, radius 
of circle in- {_ area of triangle 
scribed in | ™ semi-perimeterof triangle 92. 
any triangle ki ) 
+". radius of circle in- ৰ 
scribed in equilat.} = V3 X2 linearunits 
triangle of side a 4 1SL 


a 
= — linear units 
23 


Note.— Since the height of an equilateral triangle of side a is a3 


! L 2 a 
{sec § 17), which may be written 2/3 ¥ 3: We see that the middle 
ie TEL 


point of an equilateral triangle is situated at a distance from an 
angular point equal to 4 of height of triangle. 


ILLUSTRATIVE EXAMPLES. 
94. Example 1.—The sides of a tri 


iangle m: 
respectively : find the radius of the inscribed ACER 355 44, 7518 
Radius of inscribed circle = < ft + § 92. 
where A = Js — 35)G ~ 45G= 75) - + $23. 


= 77, 
that is, A = N77 xX 42 x33 x 2, 


= 462; 


23 


+. radius of inscribed circle = 462 ft. 
= 6 tt 


Example 2.—Find the circumference of the circle inscribed in aw 
squilateral triangle whose side measures 9 yds. 1 = 22. 


On Circles : inscribed ana circumscribed to Triangles 37 


Radius of inscri il = 
adius of inscribed circle = 23/3 YS 28:93. 


vhere 24 = 9; 


‘". radius of i i i = 
inscribed circle = 23 yds. 
/2 
~~ 3 yds, 
circumfer } = 277 y 
5s ence of circle = 2r; yds. oo Mee § 69. 


where 7 = ~2™* 


2 


andu=2; 
«, circumference of circle = 2 x #R x —™ yds 
৷ i 


PROPOSITION XXV. 


95. To find the radius of the drcumseribed ci 7 ; 
the sides of the triangle. 9 SOA TL OUT EY 
‘. Let O be the centre of the circle 
UYEBC circumscribed about the 
A ABC. 

Then OC wil 
circumscribed circle. 

Let OC, the radius of the circle 
4 EBC, measure R of any linear unit. 
Let BC, C4, 4B, measure a,b, col 
the same linear unit respectively. 

It is required to find R in terms 
of a, b, and c. 

Produce CO t 
ference of the circle AEDS 

Join AZ. 

Draw CD perpendicular to AB. 

Then, since triangles ACE, DCB are similar (Euc. Il]. 29 


and IIL. 37)— 
2 BC CD= BECCA NS O04 


thatis,a: CD = 2R:b 
But¥.CD.AB = area of A 4BC 2) 8020) 


thatis, $.CD.c= A 


1 be a radius of the 


o meet the circum- 
Cin Z£. 
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Hence rule— Fe 

The continued product of the numbers of the same linear Unit in 
each of the three sides of a triangle, when divided by four times the 
umber of the corresponding square unit in the area, Gives Ihe number 
of he same linear unit in the radius of the circumscribed circle, 

Or briefly— 

Radius of cireum-1 _ product of sides of triangle 

seribed circle t | 4 X area of triangle 


DC 
JR 
4A 
PARTICULAR CASE, 
96. Equilateral triangle. 
If 2 linear units denote each side of an equilateral triangle— 


a3 


Then area of triangle = 5 sq.units § 21. 
Now, radius of. ্‌ 

circle circum- | _ product of sides 
scribed about | = 4 Xarea of triang. *” 95. 
any triangle 


-". radius of circle G3) 

circumscribed = = linear units 
about an equilat. 4X V3 

triangle of side a 4 


= 7 line units 
e = —T= linear 
V3 


ILLUSTRATIVE EXAMPLES. 
97. Example 1.—The sides of a triangle measure 21 


respectively : find the radius of the circumscribed circle. ey 
Radius of circumscribed circle = = In * § 95. 


wherea = 21, 6=72,0=75, 
and A= Ns = 2s — 72) = 75) EGAN A DE 
=V/84X63X 12x59 


= 756; 
«e radius of circumscribed circle = ক in. 
ৰ 2 
= 372 in. 


Examnpre 2.—Find the area of the circle circumscribed about av 
equilateral triangle whose side measures 6 yds. a = 22. 


Radius of circumscribed circle = yds. : § 96 


Sheree = 6: 


On Cireles : inscribed and circumscribed to Triangles. 13 


+. radius of circumscrib il EEG 
ribed circle = চাও yds. 
«. area of circumscribed ci. = 2S $5 
( ST Circle = 17° sq. yds. . . . $71 
andr =; 


«. area of circumscribed circle = 22 x (2/3)? sq. yds. 
X 


Examples—XV. 


was Ste neice 30 2h ond BST FDA ered Son an 
equilateral triangle whose side FH FT y GB) eanserheg bons 23 
LE ER EEE A ER BET E IE TEE 


Examination Questions—XV. 
y (Take + = %#, unless otherwise stated.) 
A. Allahabad University: Matriculation. 
1. Prove the formula for determining the radius of a circle inscribed in 


2 triangle whose sides are given. 
‘Fhe radius of a circle inscribed in an eguilateral triangle 1s Io ft. : find the 


ares. of the triangle. 
2. Find the diameter of the circle round a triangle whose sides are 123 


122, and 49. 
B. Punjab University Matriculation. 
3. The three sides of a triangle being given, find the radius of t] ECE 
sescribed about the triangle. RI K Le Io 
Apply your result to the triangle whose sides are 20, 48, and 52 ft. 
4. The sides of a triangie are 22, 3, and 33 ft. : find in inches the radii or 
the inscribed and circumscribed circles. 
C. Punjab University Schoo! Middle. 
ind 154 ft. respectively, and th, ন 
le described round the Ging ler iY 
156, and 160 yds. respectively : find the 


5. Two sides of a triangleare $5 a! 
is 324 ft. : find the diameter of the circl 

6. The sides of a tria gle are IOO, 
diameter of the circumscr' FEHEG 

7. The sides of a triangle are 7, and 9 ft. respectively: what i; 
diameter of the circle described round the triangle? EL 

D. European Schools: Final. United Provinces. 
8. Given a circle of radius I ft, find to three places of decimals the side 


Df an squilateral triangle inscribed in it. 
9. Find the diameter of the circle circumscribing a triangle, the sides 
of which are 68, 285, and 293 ft. respectively. 

10, Calculate the side of an equilateral triangle inscribed in a circle whose 


radius ‘- RR 
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E. Madras Technical : Elementary. 

211. Find the length of the side of an equilateral triangle inscribed in & 
circle 8 in. diameter. 

F. Roorkee Engineer: Enirancee. 

12. Two sides of a triangle containing an obtuse angle are equal to Io and 
13 in. respectively, and the perpendicular on the third side from the vertex is 
cqual to 7 in. : find the diameter of the circumscribing circle. 

18. The three sides of a triangle inscribed in a circle are 120, 160, and 
180 ft. respectively : find the difference between the area of the circle and the 
area of the triangle. 

14. Find the area, in square chains, of the circle inscribed in a triangle, o1 
which the sides are 372, 350, and 320 yds. respectively. 


G. Roorkee Uffer Subordinate : Monthly. 


15. The sides of a triangle are respectively 26, 28, and 30 in. : required the 
diameter of the circumscribing circle. 


H. Roorkee Upper Subordinate: Entrance. 


16. Find the side of an equilateral triangle inscribed in a circle whose 
“2dius is 10 in. 


I. Additionas Examination Question.—A V. 

17. Show by computation that a side of 
With a side of the square, both inscribed in the 
trcumference of that circle, nearly. 


the equilateral triangle together 
same circle, are equal to half the 
(Punjab University: Matriculation.) 


CHAPTER XVI. 
ON SIMPSON’S' RULE 


D6. CoNSIDER the figure bounded b’ the ; 
line AG, and the i) straight 4 SOLD LD ERD 
lines Aa and Gg at right angles b 
to AG. 

Let 4G be divided into 
any number of equal parts AB, 
BONCDE!: 

At the points of division 
draw Bb, Cc... perpendicu- 
lars to 4G, to meet the curye 
nbd... 

The perpendiculars Aa, Bb, 
Cr . . . are called the ordinates of the curve. 

The length of AB is called the common distance between the 


A B Cc D E [3 G 


ordinates. 
PROPOSITION XXVI. 


99. Zo find approximately the area of a figure 0) which one of 
the bounding dines is @ CUrVE, having given the lengths of an oda 
umber of ordinates and their common distance. 

Let the lengths of the ordinates measure fi,fn-- 2 and 
their common distance 2 of the same linear unit. i 


In the figure, join ab, bc. 


AT TBP TCU ONFEE LU FESTECIH EEE K 


raw 2 tangent to the curve, meeting the ordinates 


Through 2 d 
uced in @ and ¢. 


da and Ce prod 
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We shall call the portions into which the figure is divided by 
the ordinates pieces. 
Area of first piece AabB > area Uf trapezoid aB 
2. A4Ab.(4e+ Bh) . $39. L 
> 3a(2, + 2:) sq. units L 
+. 2 X area of first piece > (2, + 2.) sq. units 
Similarly— 


2 X area of second piece > a(p, + 23) 5q. units 
+. 2 X (area of first piece +- area of second piece) 
1.6, 2 X area of AacC > Uh +2 + 22) Sq. units 


Again, area of first and second pieces— 


#4, area of AacC < area of trapezoid 2C | 
< A4B(Aw + Ce) 
< AB Xx 25b 
<2 X 2%: sq. units 
Thus we have obtained two results, one of which is somewhat 
to0 small to be taken for the area of AacC; and the other is 
somewhat too large. 
By Combining these two results, the errors will, to a large 


extent, balance one another. Hence, for all practical purposes. 
We may write— 


3 X area of AacC = d(2, +2, + 42:) sq. units 


We now proceed to the third and fourth pieces, which together 
make up the figure CeeE. 
We need only substitute the letter f, for 2, 21 for fu, fs for fy 


#n the expression which we have Obtained for the area of AacC: 
Thus we have— 


3 X area of CeeE = (2; + 2; + 42.) sq. units 
Similarly, we find— 


3 X area of EegG = dlp; +p; + 425) sq. units 
amnd3xX », GRK=Ap ++ 42) sq. units 
Hence— 


= > আসত 


Total area = 2(2, +2 + (fs + p+ 2) + 0+ pt p+ 23 
5 sq. units 
Hence rule— { - f 
Add together the first and last ordinates, twice the sum of the 
Bemaining odd ordinates, and four times the sum of the even 
wwdinates ; multiply the result by one-third the common distanes | 


On Simpson's Rule. 143 


Or briefly— 


rea = EO; ordinate + last ordinate 


+ 2 xX sum of remaining odd ordinates 
+ 4 x sum of even ordinates} 
d 
A= SP: + b+: + 2(Ps + Ps + ce + Pune) 
+ 4p. + p,+ ...+Ppn)} 
where 22 + 1 = number of ordinates 
It is evident that by using a greater number of ordinates we 
shall obtain, by this rule, a more accurate result. Moreover, the 


accuracy depends upon the regularity of the curve. 
100. If the area be bounded by a curve and a straight line. 


£3 in the figure, the same rule applies. In this case the first and 
‘ast ordinates vanish, so that the formula becomes— 


4= (202 +2) + 4b: + 2, + 29)} 


101. The same rule also holds good when the area is bounded 
ue a closed curve, as in the figure. 


In this case the total lengths 20, ce, . . . are taken af tne 
dinates. 


44 Elementary Mensuration. 


102. When a figure, such as ABCD, is bounded by an 

irregular closed curve, it will be found advisable to describe ‘a 

rectilineal figure coinciding as 

C nearly as possible with the curve. 

By Simpson’s rule we can then 

determine the areas of those 

Portions of the curvilinear figure 

Which lie outside the rectilineal 

B figure, and also the areas of 

those portions of the rectilineal 

figure which lie outside the 

curvilinear figure. By adding 

AS the former areas to, and sub- 

tracting the latter areas from, the area of the rectilineal figure, we 
Obtain the area of the curvilinear figure. 


D 


ILLUSTRATIVE EXAMPLES. 


108. Example 1.—The ordinates of a curve measure 5, 6, 8, 7, 4, 


3, 2 ft. respectively, and their common distance is 1 ft. : find the area 
of the figure. y 


AES a2 +2 + 2(2s + D5) + 4(Bs + 2 + Bo)} sq. ft. . § 99. 
wher 2, = 5, 2: =6, 25 = 8, 2, = 7, bs = 4, Bs = 3, br = 2, and 
=I; 


5 
Area = H5 +2 + 2(8 + 4) +464 74+ 3)} sq.ft 
= 37 + 24 + 64} sq. ft, 30g 
= 313 sq. ft. 
Example 2.—The ordinates of a curve are 0, 1°25, 2, 25, 2'/5, 3:5, 


2'5, 1, 0 ft. respectively, and the common distance is 3 ft. : find the 


area. 


Area = 21, + 2s + 20s + Ds +L) F ADB L)) SOF 899 


Where fi = 0, fs = 1°25, fs = 2,2, = 25,25 = 2°7 Ss 2 

HE EEE { 525 5,25 = 35, Di 5, 
LC LXcA DA + 275 + 25) + 40125 + 2:5 + 35 + 1)} sq. ft. 

0'25{14'5 + 33} sq. ft. 

11875 sq. ft. 


Examples—XVI. 


Find the areas of the following curvilinear figures by Simpson’s Rule :— 
1. Ordinates, 4, 7, 8, 10, 7, 6, 3 ft. ; common distance, 1 ft. 
. Ordinates, 1, 3, 5, 6, 7, 9, 8, 4, 2 ft. ;-common distance, I ft. 
8. Ordinates, 9, 13, 17, 20, 22, 14, 8 ft. ; common distance, 2 ft. o 
4, Ordinates, 0, 15, 2°25, 3, 2°75, 1°25, 0 ft. ; common distance, 1 ft. 
Ordinates, 7, 10, 12, 14; 22, 22, 18, 15, 9 ft. 3 common distance, 1 ft. 6 ig 


[A 


{ 


Us Simpson's Rule 145 


, 3. Ordinates, 1428, 1536, 1690, 1746, 1-768, 1786, 1304 ft. ; commos 
stance 0°75 ft. 

n J. Ordinates, 0, 1°54, 1°86, 2, 2°6, 2:98, 34, 4s 2'8 ft. ; common distances 
aft. 

8. Ordinates, 4638, 4872, 4986, 5004, 5264, 5186, 4888, 4684, 
4228 ft. ; common distance, 1 ft. 

9. Ordinates, 1°3268, 14394 15868, 16264, 17644, 16896, 15482 
1"4466, 14088 ft. s common distance, I ft. 

10. Ordinates, 0°04, 0°3688, 04, 0'57, 0482, 0:3348, 0266, 0°18, 0 ft. 4 
zommon distance, 0°05 ft. 
11. Ordinates, 0, 1%, 2}, 38, 2$, 13, 0 ft. ; common distance, ¥ ft. 
12. Ordinates, 0, 14, 18, 20, 22, 28, 30, 26, 24, 20, 16, 14, 12 ft. 3; bass 
line, 18 ft. 
Examination Questions—XVLI 
A. Madras Technical: Elementary. 

1. Apply Simpson’s Rule to find in square feet the areaof a fie. having 
the following dimensions : ordinates, 0, 20, 32, 36, 32, 20, 0 ft. ; the common 
distance being 20 ft. 

2. Apply Simpson's Rule to find the area of a plot of land having the 
following dimensions : ordinates, 2, 7, 18, 38, 70 ft. ; common distance, 33 ft. 
B. Madras Technical: Intermediate. 

8. Apply Simpson's Rule to find the area in square feet of a figure having 
the following ordinates: 2, 7, 9, 15» 21, 30, 12 ft. ; common distance, 33 ft. 

C. Roorkee Engineer: Entrance, 

4, Find the area of a quadrant by Simpson’s Rule by dividing it into Io 

spaces of equal breadth. Lastly, show the error in the result. (r= 31416.) 


D. Roorkee Engineer: Monthly. ডা 

uw. Une side of a field, AB, is 80 ft. long ; two other sides, AC and BD, at 
right angles to it, are respectively 16 and 60 ft. ; the fourth side is curved, and 
the ordinates to it from AB (at intervals of Io ft. from A) are 18, 24, 306, 21, 
28, 40, and 50¢ what is the area of the field? 
° 8: Thirteen equidistant ordinates are measured to a curve at 100 ft. intervals 
on a chain line : find the area between the end ordinates. the curve, and the 
chain line. The ordinates are : 50, 60, $0, 90, 30, 50, 60, 80, 70, 90, 100, 120, 
130. + 
E. Roorkee Engineer: Final. 

.T. The lengthof a line is 584 ft., and at equal distances along it the follows 
ing offsets Were taken to an irregularly curved fence, viz. 93, 84, 72, 68, 43, 54+ 
5 29, and 23 ft. : find the area included between the extreme ofisets, the fence, 

8 the in line. + 
ES ny ‘Simpson's Rule to find the area of a section, the heights of 
which above the railway Jevel, at intervals of 30 ft., are 2, 10, 15, 20, 30, 250 
17°5, 10, 3 ft. A 
i 59: °pisciibe what is meant by 
stances is it applicable {2 J 
F. Roorkee Upper Subordinate: Monthly. 

10. Find b: Simpson’s Rule the area of a curvilinear figure whose ords 

ELLOS TA HOUTEN ST 2) THES bCCTS13 
G. Roorkee Upper Subordinate : Final. 

11. Si n’s Rule find the area of a figure having the following 

PEA rdnotes, 5. 1S, 37, 77s smd 141 5 common distance, 3 Be 


« Simpson’s Rule.” Under what circum- 
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CHAPTER XVII. 
ON SIMILAR FIGURS: THEIR AREAS: 
PROPOSITION XXVIII. 


104. Having given the lengths of corresponding lines drawn in two 


similar figures, and the area of one of these figures, to find the aree of 
Bhe other figure. 


Let ABCD and E£EFGH be two mmiar figures. 
Let the corresponding lines DB and HF measure a; and as of 


D 


bd 
the same linear unit respectively. Let the area of the figure EFGH 
measure A; of any square unit. 


~ Jt is required to find the area of the figure ABCD in terms of 
@1, a9, and As. 


Now, it is proved in Euclid that the areas of similar figures are 
Proportional to the squares of any _Lorresponding lines that may 
be drawn in them, whether the figures be rectilineal or curvilinear. 

“". area of figure ABCD : area of figure EFGH = DB: HAF: 

That is— 


Area of figure ABCD: As = arias 
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Hence ule— 
The area of a figure is found by taking ils ratio to the known 


area of a similar figure, and equating it to the ratio of the squares of 
Enown corresponding Lengths. 
Or briefly— 

Ares of first figure : area, of second figure = ratio of the 
squares of correspond- 
ing lengths in first 
figure and second 
figure. 

AAG — Br EOE ( 
Hence a: = VA: VAs B 


ILLUSTRATIVE EXAMPLES. 


Je 1.—lIn two similar triangles the bases are 7 ft. and 


105. Examp 
the area of the first is 21 sq. ft., what is the area 


gf. respectively. If 
of the second ? 


t 
i 


2159 fe 


Ea TE 
Area of the second : A; sq. ft. = (a) : (ai): . . § 104 


where A; = 21, 


-, area of second = 21x #3 sq. ft 
245 sq. ft. 


= 348 sq. ft. 


ample 2.—The plan of a field containing 2400 sq. yds. is drawn 
tC তা I in. to 30 ft: find the area of the plan. 
Area of plan : 42 5g. yds. = (ai)? : (aa) , § 104 


erhere As, = 2400, 
a= tL 
a= 30 x 12 = 360; 4 
x area of plan = 2400 * C560? 
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Example 3.—If in a plan every Square inch of surface represents 
an area ES acres, find the scale to which it has been drawn. 
(a)in. :(a)in. = V/A INA § 104. 
where A; = I, 
4: = 4840 X 9 X 144 X IO; 


“. (ai) in. : (aa) in. = V1: V4840 X 9X 144 xX 10 
1: 7920 


Thus the scale is— 8 
1 in. to 7920 in. 
Or I in. to ¥ mi. 
Example 4.—The sides of a triangle are in the Proportion of th. 
numbers 13, 14, and 15. Its area is 756 Sq. ft; 
find the three sides. 
First side: 13 ft. = JA; : Jd, § 104 
where A, = 756, 
and 4, = V/s = 3G — IGT) §23 
=NV/21X8XxX7 ২6 
= 84; 
> first side 


Hence second an: 
Example 


d third sides are 42 ft. and 45 ft. respectively. 
5.54 circle of 90 ft. radius is divided into three parts 

by two concentric circles : find the radii of 
these circles, so that the three parts may 
be of equal area. 

Let OC be the radius of the given circle, 
and let OB and OA be the radii of the two 
concentric circles respectively, by which it 
is divided into three equal parts. 

Let OA measure nitt, and ORB 7, ft. 

Thenry?:r2=- 2:1. + 5 2 $104. 
ad (90/2273 = 30 2 EC +-§ 104. 


Hence r, = 3 = 30/3 = 51°96... 
and 7 = 7,/2=30/6=7348.. 
Thus the radii are seen to measure 51°96... ft. and 73°48... 
respectively. 


Examples—XVII. 


1. In two similar triangles the bases are 8 in. and 11 in. Tespectivety : if 
the area of the first is 128 sq. yds., what is the area of the second? 
2. If the area of one triangle is nine times the area of a si 
23d if the base of the first triangle measure 9 in., find the base 
le. 
8 A plan of a field is drawn to a scale of 1 in. to 8 ft: if the field 
@ontain 640 sq. yds., how many square inches will the plan occupy? 


imilar triangle, 
of the second 
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4, A plan of a field is drawn to the scale of 1 in. to 9 ft. 2 in. : if the field 
contain 672f sq. yds., how many square inches will the plan occupy ? 

5. In the construction of a plan, a square foot of surface represents an area 
of 1} ac. : determine the scale. 

6. If in a plan every square inch of surface represent an area of 90 ac., find 
the scale to which it hss been drawn. 

শব. The sides of a triangle are in the proportion of the numbers 13, 14, 15 5 
its area is 336 sq. ft..: find the three sides. 

8. The sides of a triangle are in the proportion of the numbers 3, 4555 its 
area is 96 sq. ft. : find the three sides. 

9. The sides of a rectangle are in the proportion of the numbers § and 9, 
and the area is 32 sq. ft. : find the sides. 

10. The sides of a rectangle are in the proportion of the numbers 12 and 13, 
and the area is 4 sq. ft. 48 sq. in. : find the sides. 

11. A triangle is divided into two equal parts by a straight line parallel to 
the base : if the base measure IS ft., find the length of the straight line. 

19. A triangle is divided into three equal parts by two straight lines parallel 
to the base: find the lengths of these two straight lines if the base measure 
$0 in. 

13. A circle of 100 in. radius is divided into two parts bya concentric 
circle : find the radius of this concentric circle so that the two parts may be of 
equal area. 

14. A circle of 5 ft. radius is divided into three parts by two concentric 
circles : find the radii of these circles so that the three parts may be of equal 


area. 


Examination Questions—X VIL 


A. Allahabad University: Matriculation. 


1. A circle of 120 ft. radius is divided into three parts by two concentric 
circles : find the radii of these circles so that the three parts mayb pf equal 


Area. 
B. Punjab University: Matriculation. 
2. The ratio of the similar sides of two similar triangles is 13 : 1) + find the 
ratio of their areas. 
C. Caleutta University: Matriculation. 
3. What will be the size of themap of a district which contains 676 sq. mi., 
2n a scale of 4 mi. to the inch? 
D. European <choole: Final, United Provitteve 
ides of a triangle are 20, 13, and 21 ft.; a straight line is drawn 
fr Eide point of the side of 20 ft. across the triangle parallel to the 
Ee t side: find the area of the two parts into which the triangle is divided. 
ITE of two concentric circles the area of the smaller is half that of the 
hroer ‘, find the radius of the larger circle, that of the smaller being 4 ft. 
E. Madras Technical: Intermediate. 
-s to which a plan is drawn, 1 Sq. in. representing 10 ac, 
4 ERO ae to Lio plan is drawn if 1 sq. in. represents 1 ac. ? 
¥ F. Madras Tvehnical: Elementary. 
8. The sides of a triangle are 39» 52s and 65 ft. respectively : find the sides 


ef m similar triangle of nine times its area. 


150 Elementary Mensuration. 


9. One side of a field measuring 28 ac. and 9 cents is 17 ch. : what Is tha 
area of a similar field whose corresponding side measures 27 ch.? 


G. Roorkee Engineer: Entrance, 


10. If from a right-angled triangle whose base is 12 and per] endiculaf 
height 16 ft., a line be drawn parallel to the perpendicular, cutting off a triangle 
whose area is 24 sq. ft., what are the sides of this triangle? f 

11. The radius of a circle is'20 in. ; it is required to draw three concentric 
circles‘in such a manner that the whole area may be divided into four equal 

arts : find the radii. Kk 
l 12. Out of a circular disc of metal 35 equal holes are punched ; the weight 
of metal thus punched out is to the weight of the perforated disc as 45:67: 
compare the diameters of the disc and of the holes, given that the area of a 
circle varies as the square of the diameter. 


H. Roorkee Ubfper Subordinate: Entrance. 


13. The radius of a circle is 18 in. : find the radius of another circle of one- 
fifth the area. 

14. The area of a rectangular plot, whose length is equal to twice its 
breadth, is 3528 yds.: if a gravel path 4 ft. wide goes along one of the diagonals 
of the plot, find the area of the path. 

15. Find the height of a triangle which shall be similar to, and contain 
five times as much as, another 50 ft. in altitude. 

16. Find the dimensions in feet of a trapezoid which shall contain 100 


sq. yds., similar to one whose parallel sides are 8 and 10, and perpendicular 
distance between them 4. 


17. On a map drawn to the scale of oly the sides 
are 0°65 and 0°72 in. : find the area of the field in acres, 
diagonal in yards. 

8. One side of a triangle is 20 ft. : divide the 
Arts by straight lines parallel to one of t| 
rom the vertex of the points of division 

19. A circle whose aren is 314°16 Sq. in. is to be divided into 1vur equal 
Portions by concentric circles : find their diameters. (T= 3°1416.) 

20. The sides of a triangle are 532, 427, and 389 ft. : find the length of a 
line, parallel to the longest side, that will divide the triangle into two equal 
parts. 

21. A drawing is copied to a scale one-h! 
scale ; in what ratio is its surface augmented? 


of a rectangular field 
and the length of the 


the triangle into five equal 
he other sides, and find the distances, 
of the given side. 


alf as large again as the original 


IT. Roorkee Engineer : Final. 
22. 


The sides of a triangular field are 350%, 3604, 3605 ft. respectively : 
find the 


the length of a line drawn parallel to the longest side which will divide the 
field into two equal parts. 


J. Roorkee Upper Subordinate: Monthly. 


28. A circular hole is to be cut in a circular plate so that the weight may 
be reduced one-third : find the diameter of the hole. 

. A board is 12 in. wide at one end, and 9 in. at the other end, and 
its length is 8 ft. : how far from the broad end must it be sawn across so as to 
divide the plank into two equal portions? 

25. Find the dimensions of a triangle similar to one whose dimensions are 
50, 60. and §o ft., but which shall contain fhree times the quantit=, 
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HINTS ON SOLVING PROBLEMS—COLLECTION OF 
FORMULA. 


HINTS ON SOLVING PROBLEMS. 


106. I. DRAW a figure, whenever possible, to illustrate the question, 
and let the figure show the 0 EE B35 = 

various measurements that 
may be given. 

Example.— The area ofa 
trapezoid is 10 sq. in., an 
its parallel sides measure 
3'5 in. and 5°6in. respectively: “= 
find the perpendicular dis- 
tance between the parallel sides. 

II. Do not draw your figure in 
three dimensions when a section in 
two dimensions will serve the purpose 
equally well. 

Example. —hA perfectly flexible 
rope of 3 in. in diameter is coiled 
closely upon the deck of a ship, and 
there are three complete coils: find 
the length of the rope. 

II. Decide upon the unit in 
terms of which you want your answer to appear, and adopt it 
throughout. If both areas and lengths are involved, let your unit 
of area correspond to your unit of length. j, 

FExample—How many chains are there in the height of « 
le whose area measures 2% ac., and whose base measures 1 furl 


টড 


nang 
Height of triangle = 5 


ch. §230 


where A = 2k XIO= 25 
and b = 10 
*, height of triangle = tEch MEE ED 
=5 + 
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Notice that the answer is to appear in chains. For this reasom 
=e reduce the 2} ac. to square chains by multiplying by 16, and 
the furlong to linear chains by multiplying by 10. 

JV. Use contracted multiplication of decimals and contracted 
division of decimals when only an approximate result is required. 

Exampl.—Find the product of 2:249832684 by 12°345976 
2orrect to four decimal places. 


স'%৮৪১3 | ২৪৫৪4 
12:3459 | 76 


24:9832 
49966 
‘7494 
999 
124 

22 

I 


mH OPOSOWOUu SD 


30'8442 
Notice that, in this method, we multiply by the several digits 
of the multiplier in order from left to right instead of from right 
to left, as is usually the case. Figures in the multiplicand are 
crossed out as soon as they become superfluous by giving products 
which do not affect the accuracy of the required answer. 


Lxample.—Divide 93°62135079 by 7'5083624, the result to be 
2orrect to two decimal places. 


75৯৪১ | 93621 
75083 


18538 
15016 


1246 


Required result is 12°46 


‘We see, by inspection, that there will be fwo integral figures i 
the quotient. 
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Hence the result must contain four significans “Mgures, since it 
is to be correct to two decimal places. i < 

To allow for this we need only retain the first five figures of 
he divisor and the same number of the dividend. 

‘The decimal points are now omitted. 

Figures in the divisor are crossed out as soon as they become 
superfluous. 

V. Avoid intermediate arithmetical calculations, so that your 
answer may, Whenever possible, depend upon the simplification of 
a complex fraction. 

Exampl.—Find the cost of paving a rectangular enclosure” 
450 ft. long and 390 ft. broad, with stones 3 fi o0in.by 3 ft. 3 in, 
at Rs.5 8 annas 2 hundred. G 


Area of en-| — 
OEE } = 450 X 390 sq. ft. 
area of each | = 

stone t = 38 X St sq. Rh. 


.number of }= 4507390. 


stones reqd. 


2 COSt= RS. 3 x 23 3 Tc 
Via 3 X 3ঠ% X ০০ 


[2] 

X 

[>] 

En) 
533907 === 


3 3 2 
_ Rs RSX TX X48 
“কুচ স সু মৎ সস 
= Rs.792 
VI. It is often advisable rot to substitute their values for such 
terms as, 2, V3). until the end is reached, particularly if 
there is a chance of their cancelling. 
Example.—Compare the areas of an equilateral triangle and 
2 regular hexagon, the length of side in each being equal. 
Tet a side of each measure @ inches. 
Then— 


V3 


Area of equilateral triangle = E Sq. in. 


and area of hexagon = EZ 


‘, area of triangle : area of hexagon = = 
=1I:6 


uare root of the product of several numbers may 


VI. The § E 
often be found by inspection, by resolving the numbers inte 


duplicate factors. 
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Example—If a= 143, 8 = 220, ¢= 231, find the value of 


VSG = dG = bs — 4), where $= ee F ar, 


VF = DG BG= 4 = Va9T X 154 X TT X 66 le 
=Nমাসইহ্া XX] সা ২6১% 
= NIE XT X 2X9 

IIXT7X2X9 

15246 

VIII. Remember that— 
JFE=#F = VGH +) 
and JE =f = VG = DO +2) 
Example.—Find the base of a right-angled 
triangle whose hypotenuse and perpendicular measure 
1157 yds. and 1155 yds. respectively. 
Base = A/F — 2° yds. 
= V0 = B+ 2) yds. 
where # = 1157 
and f= 1155 


. base = (57 — II55)(T157 + 1155) yds. 
= J/2 X 23I2 yds. 
= NV 2° X34: yds. 
= 2X 34 yds. 
= 68 yds. 

IX. Discard an answer which is not borne out 
by the geometry of the figure, or which, for other reasons, is 
obviously absurd. 

For example, it may be required to find the length of the 
chord of an arc of a circle when the height of the arc and the 
diameter of the circle are given. An answer which makes the chord 
greater than the diameter of the circle is evidently wrong. 

Or, again, it is often easy to make a rough guess at the answer 
if the figure be fairly accurately drawn to scale. This is particu- 
larly easy when the required answer is a length. A result that 
appears wide of the mark may safely be discarded. 


[A 
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COLLECTION OF FORMULA. 


107. 1. Rectangles. 
(.) 4 = ab 
(i) a= V+ 
where A =area; a=length; &=breadth 3 
a= diagonal. y 
5 EES 


3. Squares. 
(.) 4= a 
(i) 24= ana 


where A=area ; 2=side 5 4= diagonal. 


তত --------- 


3. Right-angled triangles, 


G) A= EFL 
(i) = VU — PE +2) 


(i) 2= V0 = 0+) 
where # = hypotenuse 53 &$ = base 5 
£= perpendicular. 

4. Triangles. 
(.) 4 = 3h 
where A = area; b = base ; #= height 
(i) 4 = VF = = Ns — 4 
where A = area; @, b, and ¢ are the / 
a 


r+ 0 
three sides; $= +E ER 


0.) DS 
G)A= xe 


where = height; 4 = side ; A = area. 
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6. Isoscelés triangles. 
CINE Ee 
A= GEE LE 
a 4 
where 4 = area; a= side; ¢ = base. 


J. Parallelograms. 


(i.) 4 = bh 
where A=area; b=base ; #=beight 
(ii) 4 = dp 


where A = area; 4 = diagonal; 
2 = offset of diagonal. 

(iii) 4 = 20 s(s — als — b)(s— 2) 
where . A = area; d = diagonal ; 
@ and © are two adjacent sides; 


a+b +a 
EEE 
8. Rhombus. 
A=f5.dd 
where A = area ; 4, and 4, are the two 
diagonals. 


9. Quadrilaterals. 
4=¥.2.(h +2) 


where A = area; d= diagonal; fi and 
A 2: are the offsets of the diagonal. 


10. Quadrilaterals inscribed in 
circles. 

A= NG -as-— bs -— Is — 72) 
where A = area; a,b, c,d are the sides s 
atbdt+ct+d 

2 


$= 


Hints on so 
11. Trapezoids. 

A = Ya + b)h 
where A = area; 
parallel sides ; fh 
sides. 

12. Regular polySons. 


v)A=RXGN 3 


2 


where A = area ; 
inscribed circle 5 R 
circle. 
25 Regular hexagons. 
_ 3EN3 
2 


where A = area; a = side. 


14. Regular octagons. 
A=2020 +2) 


where A = area; 4a = side. 


5 Regular dodecagons. 
A= GENET V3 


where A = area; 2 = side. 


a and & are the 
= the perpendicu- 
lar distance between the parallel 
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SAE SOE 


2 = number of sides; 2 = side; 7 = SEGRE 


— radius of circumscribed 
f A 


হাতত TEER 
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16. Similar figures. 
(L.) ae: b=2:9 
where a and b are lengths in one figure, corresponding to f and ¢ 
respectively in the other. 


ৰ (i.) 4: As = (a) : (a3) 
where A; and A; are the areas of the two figures ; @, and @ are 
corresponding lengths, one in each figure. 


17. Circles. 
(i) C= 1d 
(li.) A= ar: 
where C= circumference; 4 = diameters 
A = area ; 7 = radius. 


18. Ellipses. 
A = Tab 


where A= area ; A 
a = semi-major axils 3 
& = semi-minor axis. 


AIL 19. Chords of circles. 
(i) a= NV Md— 2) 
(ii) & = Jab 


be where a = semi-chord of the arc ; 6 = chord 
of the semi-arc; # = height of the arc; 
4 = diameter of the circle. 
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10, Arcs of circles. 


3 
where /= length of the arc; a® = central angle of the arc; 
r ~ radius of the circle; a = semi-chord of the arc; & = chord of 


the semi-arc. 


21. Sectors of circles. 
a 


i) 4 = 
0) 360 
(i) A= XG 
where 4 = area; a° = angle of the sector; 
£ = length of the arc of the sector; 7 = radius 
of the circle. lr 
22. Segments of circles. 
(i) Segment = sector — triangle 


X রঃ 


G4) A= HAE) 


where A = area; 4 = height of the 
¢ = chord of the segment. 


segment 3 


23. Circles inscribed. in 
triangles. 
2 
s 


7 = 


circle: A = area of the triangle; 
¢ = semi-per:meter of the triangle. 


24. Circles inscribed in equl- 
lateral triangles. 


yt PEE 
ERS 
where ? = radius of the inscribed 
circle; a = side of the triangle. 


where 7 = radius of the inscribed 
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25. Circles circumscribed about 
trian gles. 


where R = radius of the circumscribing 
circle ; \ = area of the triangle; a, b, ¢ 
are the three sides of the triangle. 


26. Circles circumscribed about equi- 
lateral triangles. 


প্ৰ 
TB 
NEEL where R = radius of the circumscribing circle ; 
2 = side of triangle. 
27. Simpson’s Rule. 


a 
LAB VAGTL RATT CD OER + pn-Y 
+ 4h FAT... + P»)} 
where A = area; 24 = common distance ; 22 = number of eaval 


ET 


a 


into which the base-line 15 divided 5; pfs Prt BE IG 
ordinates taken in order. 3 Pus Prost 


ANSWERS 


Examples—I. A. 
4. 740) yas. 2. 151933 ft. 3. 30682] ft. 4. 480 Mh, 
5. 560 sq. po. 6. 23413} sq. yds. . 900,000 sq. lks. 
8. 18 mi. 5 fur. 23 po. 4 yds. 2} ft. 9. 7'38629 ac. 
10. 201c. 270.6 po. 5} sq. yds. 8 sq. ft. 11. 140. 12. 2137 
18. 16 yds. 14. 605 sq. yds. 


Examples—I. B. 


15. 112 girahs. 16. 10 lathas. 17. 1750 baths. 18. 5600 girahs. 
19. 6800 biswansi. 20. 13 bighas 6 biswas 1 biswansi. 21. 640 biswansi, 
22. 94 biswas. 

Examples—II. A. 


1. 143 sq. ft. 2. 513 sq. ft. 8. 1679 ER fs hs 
4. 45g. ft. 51 sq. in. 5. 9 sq. ft. 54 sq. in. 6. 16 sq. ft. 8 sq. in, 
1. 3 sq. yds. 3 sq. ft. 90 sq. in. 8, 12 sq. yds. 25g. ft. 
9. 18 sq. yds. 5 sq. ft. 82 sq. in. 10. 46°8 ac. 11. 10944 ac. 

12. 13°67174 ac. 13. 2 ac. 0 ro. 23'2 sq. po. 

14, 6ac. 1 ro. 10128 sq. po. 15. 6ac. 2 ro. 21°76 sq. po. 16. 2 yds. 9 in. 

17. 121 yds. 18. 121 yds. 19. 15 ch. 

20. 9 yds. 2 in. 21. 15 ch. 22. 88 yds. 

23. 6 ch. 35 lks. 24. 5 fur. 13 po. 25, 87 sq. yds. I sq. ft 

26. 58 sq. yds. 7 sq. ft. 27. 160 sq. yds. 4 5q. ft. 28. 266sq. yds. 75g. ft. 

29. 225 ac. 30. 17°66241 ac. 31. 467856 ac. 

82. 1425636 ac. 33. 18 ft. 34. 3°5 ch, 

85. 23°4 ch. 36. 6 ch. 52 Iks. 37. RS.1764- 

38. Rs.59. 39. 102 sq. yds. 6 sq. ft. 40. 84 yds. 

41, 341} sq. ch. 49. 1 sq.yd. 8 sq.ft. 52sq.in. 48. 13 ch. cn 

44. Rs.380.. 45. 4 yds. 1 ft. 8 in. 46. 10 ch. ; 40 ch. 

47, 256 sq. yds. 48. 41} yds. 49. Rs.4248. 


50. Rs.196 5 annas 4 pies. 
Examples—II. B. kl 
51. 35 bighas, 52. 9°12 bighas. 53. 2 bighas. 
Ee Bias. 55. 2 rasi 15 lathas. 56. 159% Yds. 
Examination Questions—II. 
It: 

1. 540 sq. ft. 2. 23,880 trees. 3. £37 165. 434. 5 ee 

5. £10 IOs. 6. 1782) sq. ft. 7.6. EO SO TIE 
9. jo's po. _ 10. 10 yds. 2 fl. 5°07 in. TE LE 


12. Length, 31 ft. ; breadth, 21 ft. 5 height, 13 ft. NS 
14 28 $ 2°16ac., 15. 8-653 ft. nearly. 16. 3°84 ac. 9 


262 Elementary Mensuration, 

8, 0 i 19. 12 ft. 20. 133 ft. 21.1 
3: SE 23. 486 planks. 24. 133 min. 33 
26. 280 sq. ft. 27. 820 in. 28. 18 ft. 

29. 26} yds. ; Rs.9 12 annas 8 pies. 30. 649... yds. 
31. 180; yds. 32. 405 sq. ft. 33. 6400 trees "3, 8866 ft. 

35. 9468 ft. 36. 33. 317. $1927 55: Si. 38. 18:5017 ft, 
39. 32 yds. 40. 98 yds. 2 ft. 41. 

Examples —IIL 
1.31 7’. 2.13.86", 8. 9 ft. 6’ 9". 4. 10ftT 4". 
ু BIEL TS 6X2 6. 6 Gq L2G 7 Jos ft. 4 4 8. 8 sq. ft. 8’ 7° 
9. 13 él; ft. 232. 10. 12 cub. ft. 5’ 0” Ir, ait 16 cub. ft. 6' 8" 3" 

42. 18 cub. ft, 9° 5°66. 13. 7 sq: ft. 2’. 14. 14 sq. ft. 

15. 41 sg. ft. #4 16. 31 sq. ft. 3 8”, 17, 48 sq. ft. 10’ 8”, 

18. 05g. ft. 3' 10" 6. 19, 0sq. ft. 574" 34. 20, 37 sq, B48, 


21. 78 3. fA 16" 8, 


q. 
22. 45 sq. ft. 0 27 6" 6, 


Examples —IV, A. 


4. 78 in. 2. 125 yds, 8. 176 yds.2ft. 4. 10 yds. to in. 
5. Imi. 5 fur. 37 po. 6. 11 ch. golks. 7. 27 ch. 50 Iks. 1% 39°73 ch. 

9. 88-022 lks. 10. 3°3 in. 11. 7 in. , 3 mi. 

13. 6 ch. 72 Iks 14. 8 mi. 2 fur. 15. 210 yds. ; 168 ক্ল! 

16. 12°72... in. . 18. 85 in. 19. 4 ft. 3 in. 
20. 18:38. . . in. 22. 7 ft. 4 in. 23. 447 ch. 
24. ks. 724 4 annas. s s . 26. 49°4 ft. nearly. 27. 243 mi.nearly 

, 44 ft. 4 in. 29. 62 36m arly! 80. 144 ch. ; 10'8 ch. 
Examples—IV. B. 
81. 25 rasi. 82. 85 lathas. 33. 157 girahs. 34 229 haths 
85, 365 guz. 86, 433 rasi. 37. 9 lathas, 38 28 rasi. 
39, 60 girahs, 40. 105 haths. 41. 84 guz. 42, 120 rasi, 
Examination Questions—IV, 

3. I 3 361 ড 2. IV6I8.. ft. 3. So ft. 

4. 46°861 . 5.1. T. 44. 

8. 141421 mi. 5 0) ac. 9. I20ft. 10. 42426. IO 

11, 16 ft. 13. 40°588... ft. 14. 12 6194. Af 

15. 2 sq. fl. 16. 99°j01... po 17. 16/2 in. 

18. 65 ft; 245 ft. 19. 12 ft. 20. 12,637 ft. ; 12,0128, 
21. 8 ft. 22. 5000 sq. yds. 29 500 sq. IL 

24. 20/2 ft. 25, Rs.549 13 annas 6°2... pies. 

Examples—V. A. 

1. 184 sq. ft. 2. 7 sq. yds. 8} sq. ft. 3. 8 sq. yds. 7 sq. ft. 014 sq. in. 
4. 6°39375 ac. 5. 9ft 6. 11 yds. a § in. 


7. 81 ch. 928 Tks. 6; 48°7179 ch 


i. 9. 125g. ft. 6 sq. i 


. 4°61 sq. yds. nearly. 11. to7226 ac. 12. 4 sq. yds. Ee ft. Tee in. 
18 aa ” + Sq. 0 14. 6 sq. yds. 5 sq. ft. 112 sq. in. nearly. £2 
15. 17°730 . ..sq.ch. 16. 90 sq. ft. 17. 2310 sq. Iks. 

18. 21,294 sq. in. 19. 86,700 £q. ft. 20. 747,054 sq. Iks. 

21. 12°24 sq. ch. 22. 50 in. 23. 12 ch. 32 Iks. 

24. 1216'3 ... sq. Iks. 25. Rs. 369 nearly a month. 26. 7 ft. 5 ins 
27. 22,638 trees, 28. 16; 6 745q.ft. 29. 6928 . .yds. 

80. 77'2 . . yds. 31. 18: /3- 


A NUSTWEY ». (03 


Examples—V. B. 


$2. 97} bighas. 3. 12bighas 13'8 biswas. 34. 13 bighas 6 biswas 16 biswatesl. 
35. 


. 64 lathas. 86. 8 lathas. 37. 98% lathas. 
38. 3'897 bighas. 89. 16 biswas 16 biswansi. 
Examination Questions—V 

b UE THT 2. (a) Area = the amount of surface in any figure ; (8) 28 ft. 

8. 60 ft. 0 227. iN 5. 144 . ft. 6. 216:50 ... ft. 

YT. 12 ft. 8. 84 sq. ft. 9. 486 sq. in. 

10. 2772 sq. ft. 11. 21217... sq. ft. 19. 169705. 

13. 30; 6}. 14. 14 ch. 15°3...Iks. 16, 24 ft. 

16. £12 18s. 17. 3570 sq. yds. 18. 43'301... sq. ft. 

19. 28:9...(ft, 20. 39°6862...sq. ft. 21. 317 ft. nearly. 

22. 10 ac. 1 ro. 33 Ber nearly. 23. 45374 sq. yds ; 2722} Ak Te 

24. 3 ac. 2 ro. 9°088 po. 25. 72°74... ft. 26. 58°8... po. 

27. 45 ft. ; 630 sq. ft. ; 540 sq. ft. 28. 277°47 . + .« yds., Or 1200°24... yds. 

29. 224. . .. yds. ; 25°84 . . . yds. ; 24 yds. 30. 0°537 . . + ac. 

31. 56:3... sq. Iks. 82. 1 ac. I ro. 24Hf po. 

33. 6:928... yds. 84. 620,964 yds. nearly. 

85. 3464 ...1t.; 519°6...5q.ft. 86. 4'2...7yds. 37. £4. 

88. 1199 sq. yds. 89. 2400 ; 2600 ; 1800 ; 3200 sq. ft. 

40. 15 ac. 0 ro. 37°91 po. 41. 1 ro. 26°6 po. 42. jo9 ft. nearly, 

43. 3468 sq. ft. 44. £1218 195. 3}d. 45. 67 ft. nearly, 

46. 9841251 sq. ft. 47. 125'9...1ks. 48. £10 45. 94. 

49. £2 15s. 50. 305°8... sq.ft. ; 369°6...3sq. ft. 

51. 57°19 ft. 52. 192'837 sq. lks. 53. Rs.407 5 annas. 

54. 93,944°755 sq. yds. 55. 21 ac. I ro. 127 po. 56. 233 sq. yds. 3 sq. ft. 

57. 12389... ft. 58. £4. 59. 202 ft. nearly. 

80. 240 yds, 61. 120 sq. ft. 62. 14'941 in. 69. 1's Re 
Eramples—VI. A. 

2. 312 sq. ft, 2. 52 sq. yds. 8 sq. ft. 3. 196'6512 sq. ch. 

4. fn oe 5. 3d 2 A 6. 2°631 ch. 
- ft. 108 sq. in, 8. I1"58144 ac. 9. 2 yds. 
T0642 es in. 11. Rs.89 any 12. 3511 sq.in. nearly. 
66 ch, 
Examples—VI. B. 
14. 320 bighas. 15. 16 bighas 9 biswas 12 biswansi, 
16. 56 bighas 8 biswas 16 biswansi. 17. 124% thas 
18. 1 bigha 4 biswas, 10. 48 biswat. 
ঠ Examination Questions—VI. রি 
+5; 4 2. 3456; 60. 8. 2 ac. 47°25 cents, 
টু 8000 sq. ft. 5. ot 5 6. 256 sq ESS in, 
. 729°15 ft. ; 329°15 ft. 8. 1200 sq. yds. 3; 144°2 . . - yds 5 33°: 

9. 10,296 sq. ft. ; 125 ft. ; 82.368 1 সতত, 69°71. « - ft. ; 6273! ‘6 EE 
11. 346:427712 ; 200016. 12. 1054 ft. ; 625 ft. 5 566'63 ft. 
13. 1350 sq. ft. ; 374 ft. ; 36 f 14. 384 sq. ft. 

Bxumples—VII. A. 
1. 21,300 sq. ft. 2. 102 sq. ft. 3. 446424 sq. che 
TU TRS 
* 43602 sq. ch. 8. 9° sq. ch.  - বৃ 
10. 25-1 Eh 11. Rea annas. 12. Rs.748 2 annat> 
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13. Rs.1150 5 annas Io66 pies. 


15. Rs.25. 
18. 17 it. 5 9 ft. 


20. 324 bighas. 


Elementary Mensuration. 


14. Rs.398 15 annas 0°48 pies. 


6. eS 17. 19 sq. yds. 99 sq. in. 
"19. 2886 sq. Iks. 


Examples—VII. B. 
21. 12 bighas 8 biswas 4 biswansi. 22. 1080 bighas, 


23. 18 bighas 1 biswa 12 biswansi. 24. 2] rasi. 25. 2} rasi. 


1. 1764 sq. ft. 
6. 78 sq. ft. 
10. 77 yds. 

13. 31°12125 ac. 


Examination Questions—VII. 


2. 7 ch. Jolks. 4. 12,054 sq. ft. 5. I14 sq. ft. 

. 7500 sq. ft. 8. 204 sq. yds. 9. 125,000 sq. ft, 

11. 2 ac. 2 ro. 8 po. nearly. 12. 210 sq. yds. 
14. 17°632...ac. 5. 48°989 nearly ; 84494 nearly. 


16. 10,833 sq. yds. nearly. 17. 23 ft, ; 27 ft. 18. 216. 19. 128] sq. yds. 
‘20. 33 ft., 44 ft. ; or 4 ft., Jf ft. 21. 163499... sq. ft. 22. 20 ac. 


28. 369334 ac. 
26. 560 sq. ft. 
80. 1013] yds. 
"34 885] sq. ft. 


RSS sq ch. 25 


=~ - 


. 58456... . 5q. ft. 5. 50922... sq. in. 6. 618°18 s 
+ 61°93445q.yds. 8. Rs.274 IO annas I1 pies nearly. 9. 25191. . 


24. 45°033...5q. ft. 25. 262°6 sq. ft. 
27. 12298... sq. ft. 28. 523303... 29. 9. 
81. 4549°92 sq. ft. 82.1; 2, 88. 720sq. yds 
85. 13] ft, 36. 143 yds. 


Examples—VIII. A. 


sq. Tks. 2. 166°27... sg. in. 8. 27442... 


.vde 


Examples—VIII. B. 


‘40. 12'9903 . . . biswas. 11. 19°31. . . bighas. 12. 062, . . uSl 
Examination Questions—VIII, 
1. 23,636 sq. ft. nearly. 2. 259'807 sq. ft. 3. 12 ac. II po. nearly, 
4. 828°... sq.ft. 5. 29389 sq. in. h { 
7. 3°25 yds acl: CR 5 V3 


‘10. 73586475 sq. 


44. 2/25. ft. 


17. 15'8 1. yds. 5; 0°45 + . + yds. “18. TLL 
20. 1931°3...5q. ft. 21. 3 sq.ft. 22. 70295... ft 


23. 15°00. . 


1.' 198 ac. 


. 4 6. 

8. 36°3 ft. ; 2270°4 sq. ft. ্ 9. V2 ft, 

ft. 12. 085 ft. nearly. 13.1.2, cot TSC: 5 145356 sq. & 
15. 16568... 16. SE 

ft. 19. 2338'26... EY 

24. 5625 sq. ft. ; 6495 sq. ft, ্া া 

Examples —IX. A. 


2. 66 sq. ft. 117 sq. in. 8. 1464375 sq. in 


@. 11 sq. yds. 72 sq. in. 5. 11'904 ac. 


B. 20°16 bighas. 
4 36°47 bighas. 


Examples—IX. B. 
7, II bighas 14'4 biswas 


Examination Questions—IX. 


1. 2°1875 ac. ; 50o0lks. "2. 4058°31 sq. yds. 3. 1602 sq. ft. 
18. 192 sg. ft. 5. 546 sq. ft. ; I3 ft. 6. 27,813 .5q- ft. nearly 
বব 956 sa. yds: 8. 7230 sq. yds. nearly. 


ANSWErS. < 165 


Examination Questions—X. 


a. 4666 sq. ch. 2. 0 ac. I ro. 18°16 po- 8. 2 ac. 1 ro. 28 po. 
4 13,403 sq yds. 5. 17967 ac. 6. 2°05 ac. 
7. 0978 ac. % 8. 0°231 ac. 9. 132,102 sq. Ils. 
éc. vu 662 ac. 1. 145 ac. 12. 3°35075 ac. 
Examples—XI. A. 
1. 10k in. 2. 5 ft. 3. 2 ft. fin. 4.113 ft. 
5. 94 ft. 6. 733) yds. Y. 266°9 mi. 8. 3'245 in. nearly. 
9. 5 mi. 10. 180 fi. 11. 6 Iks. 12. 230 ft. 
Examples —X[. B. 
13. 21°315 lathas nearly. 14. 10°59 rasi nearly. 
15. 36°16 lathas nearly. 16. 7 rasi 3°75 lathas. 
Examination Questions—XI. 
2.91 3. 26°341 fi. 4. 33} ft 5. 9 in. 
6. Ee পৃ. 74 ft. 8 in, 8. 5 ft. 10. 25 ft. 
de to ft; I2ft. 12.8,6. 13. 10V/ 10 ft. 5 ION TS ft. 5 25006. ft. 
Td 
12 5. . fe 
ESD 156. 352] sq. 


Examples—XII. 


Mote.—These results, when they depend upon the value of m, are only 
approximate. 


1.5) ft. 2. 588 yds. 3. 569 yds. 4. 73 ch. 92 lks. 
5. 28 in. 6. A 23) yds. 8. 147 ch. 77 lls. 
9. 5500 yds. 10. Rs.88. 11. 33 in. 12. 9 miles an hour. 
18. Yin. 14: 298,577,428jmi. 15. 28in. ; goin. 16. 12724 in. 


17. 27,494 ft. 18. 616'5q. yds. 19. 346] sq. in. 20. 4 sq. ft. 40 sq. in. 
21. 273 sq. yds. 7 sq. ft. 22. 20 sq. yds. 106 sq. in. 238. 555q.-ch. 4400 5q- ks. 
24. 2354. po. 11} sq. yds. 25. 29 sq. ch. 6211} sq. Iks. 26. 7 yds. 


27. b'12in. 28. 22°13 in. 29. 0'2213 ch. 30. 19°7988 ch. 
81. 706 pies. 82. Rs.157 3 annas 4 pies. 83. Rs.1718i- 
34. 10:392 ft. 35. Sof ac. চি Rs.24 2 annas nearly. 37. 154.5q. ft. 
88. 20802 in. 39. 246'66 yds. 40. 51°84 ft. 41. 12:409 ft. 
42. 378 sq. in. 43. 26°45 yds. 44, =: 30 3: 45. AT: 2. 


Examination Questions—XII. 


Note.—These results, when they depend upon the value of rT, are only 
approximate, 


1. 132 ft. 2. 16°568... ft 8. 176 sq. ft. 4. 39242 yda- 
5. £833 175.34. 6. 76°21 yds. ; 38105 yds. ; 30°40 yds. Lb ET 
8. 10 ft. 9. 79°5772 yds. 10. 275,700 5q- ft 11.39 ee 
12. 12,727°275q.yds. 13. 22:50 ft. 14. 75°42 ft. 15. 105 J' 
16. 13} 5q ft. 17. 33: 2 18. 14 ft. 
19. a= b(24 2). 20. 22,008°33 sq. po. 21. £19 OF, 34 J 
22. 7°028 yds. nearly. 23. 5082 in. 24. 201 sq. ft. nearly. 
25. £75 19s. 55444. 26. 49463 in. 28. 34 ft. 5 39 ft 
29. 28°57 ft. 30. 5023 mi. 81. Rs. 6600. ; gazo Me 
32 459 in. 88. 58548 sq. fb 34. 4,320,662) sq. &- 5 7%. 
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35. 236 sq. yds. 858 sq in. & 71°06 ft. 87. 21°46 sq. in. 


38. 407°0117 sq. ft. 9. /\ = 36 sq. ft; © = 103i sq. ft 
40. Ss yds. ডি 41. 15093 ও 42. 314°159 sq. ft. 43. 0 0098 mi. 
44. 75°17 ft. 45. 7 yds. 46. 11, 76 sq.ft. 47. 1°37 sq. tt. nearly 
48. 1818 ft. 49. 93°98 sq. in. 50. 1-3 ft. 35 8168 tt. 
Examples—XIIl. 
1. 32 ft. 2. 2 ft. 10 in. 3. 11 ch. 25 lks., or 1 ch. 25 iks. 
4.31ft6in. 5. 22ch.6Slks. © 6.7 ft rin. 7. 15°4 ch, 
8. 21 lks. 10. 9°375 in. 11. 3 ft. 10°5 in. 3% 8a in. 
139. 5 ft. IIE i in. 14. 44in. 15. 105°. A250 1 
17. 26° 15’. 18. 56S Iks. 19. 21 yds. 20; Ift. II in 


21. 9 ch. 44 lks. 22. 55°55 in. nearly. 23. 3 ft. 63 in. 


Examination Questions—XIlIlI. 


1.13 ft 2. 12'6061 in., or 71°3938 in. 8. 33°8 ft. 
4. 1016 ft. ; 78102 ft. 5. 100ft.; 13397 ft.; STIG. 6. 5o'7 it, 
TSR ay NEG 1365 Enea 9. 422318 mi. 
10. 11°09 in. 11. 26321... 12. 29 ft. ; 22°06 ff, nearly, 
18. 10 ft. ; 50 ft. 14. 44. 15. 5744 . 
16. 15 ft. nearly. 17. 125°62... (ft. 18. 14685... in. 
2 5 fe i in. 20. 10 in. 21. 268 ft. 
6N2 tt 238. 15. 24. 102 ft. 25. 314159 sq. ft 
Examples—XIV, 

1. 1344 st যে 4. 48 sq. ft. 8.11 dl: ft. 06 sq. in. 
lo io 28 sq. ) 20°! 6. 350 47 Sa 451268 
7°6752 {ne . 210 sq. in, 10. 7H sq. ft. 1 ft, 

12. 6 in. . 6 he 14.1 3 Es bE 15. 2160. 


13. 
16. 16°08...sq.in. 17. 27°46 ft. nearly. 18. 1008) ds. 
19. 2857142 ee 20. 3'8412 sq. 0 21. 2:74. নথ ্ ft. 
22. 10°08 sq. 23. 204292 sq. 1 24. 19°4917 sq. in. 
25. 143522. » Sq. ft. 26. 111872... ন 27. 1779 sq. ft. nearly. 


Examination Questions—XIY. 


AEST 200: 2. 127 sq. in. 8. 1612'5 sq. ft. 
4. 160i; 5. 908 EATS $5 30,520 nearly. 6. 48°062 . ... yds, 
7. Jo sq. 1 8. 400 sq. ft 98 8:3 sq. ft. nearly. 
10. 14'2l sq.ft. 11. o'gista: iy (a = side of square). 
12. 8326'1 13. 2141°2 sq. in. nearly. 14, 1 in. 
15. 22,271 sq. ft. nearly (# = 314159). 16. 28°4 nearly. 
17. 4°77 in. 18. 11160514... 5 140521... 5; 173637... 
19. 443 nearly. 20. 569 nearly. 21. 218°8 sq. in. nearly. 
22. 14°56 nearly. 23. 55 sq. ft. nearly. 25. b2(r — V3). 
26. 27°5 q in. nearly. 27. 56°09 yds. nearly. 28. 167'279 sq. ft nearly 
29. 5} sq. in 80. 175 ft. ; 0°278 sq. ft. nearly. 


31. 2086 nearly ; 100'6 nearly. 32. 0°06 sq. in. nearly. 
83. 1850 sq. ft. nearly. 84. 28 sq. ft, nearly, 85. 33'5 nearly. 

36. EOL ft, 8. 15°3057 . . . in. 5 76528... sq. in. 

28. 36°32001 sq. ft, 89. 1174 sq. ft 


235 wes. 1673 


Examples—XT. 
+3 IS} in. 3. 589285 sq. in. 5 2357142 sq. in. 


E63 IS. 2. 
4. 5°292 yds. ; 10°584 yds. 


Examination Questions XV. 


1. 519°61 sq. ft 3. 26 fi. 4. 9 in. ; 22} in. 
5. 200 ft. T. 9 ot ft. nearly. 8. 1°732 fl. 

9. 293 tt. . RN 3. 11. 6928 in. 12. 20 in. 
43. 17,0848 sq. ft. nearly. 14. 63'8292 .. . sq. ch. 15. 324 in. 
16; 17:3205..53. In 

থৰ Examples—XVI. 
1.435. f, 2. 433 sq. ft. 3. 1883 sq. ft. 4.115. f. 
5, 182 sq. ft. 6. 7605 sq. ft. 7. 20:2 5q. ft. 8. 39°3753 sq. 


9. 12:447465q.ft. 10. 0°135845q.ft. 11. 6:2385q. ft. 12. 360 sq. ft. 


Examination Questions—XVI. 


1. 2880 sq. fl 2. 3168 sq. ft. 8. 3102 sq. ft. 
4. 07017 X 7, Ifr= 10, error = 0°37- 5. 2580 sq. ft. 
6. 94,000 sq. ft. 7. 53,093} sq. ft. 8 3900 sq. ft. 
10. 9246 sq. fu 11. 392 sq. ft. 

Examp:es—£VII. 


3. 90 sq. in. 4. 72 sq. in. 
eS 4. 26 ft. ; 28%. ; 3oft. 
10.21; 2 tft 2 in. 

18. J07505 iy: 


Examination Questions—XVIL. 


r 69°28 ft. ; 97°07... ft, 2. 169: 289 3. 42:25 sq. im. 
: 30 sq. ft. 5 94% sq. ft. 5. 40/2 ft. 6. 1 in. = 1 tur. 
T. 1 in. = 695701 yds. 8. my ft.;156ft.; 195 ft. 9. 70 ac. 85°6 cents. 
1I0.6ft;8H.; rot. 11. 104/3in.; 10\/2in. 5 10in. 12. 28: 3. 
18. $049... in. 14. 1116 9 sa. ft. nearly. 15. IIV'S ft. 
16. 40 ft.; Sof; 20 ft. 17. 7°46. . « ac. ; 269°4 Yds. 
48. 4/515 44/10ft.5 4VI5ft; 420d. 4 
19. 10in.; I0N/2in. 35 IOV 3in. 5; 20 in. 20. 376 ft. 2°1 . . + IB. 
iamet 
21.4509. 22. 25491 - « - ft. 28. LEC 
| 3 
24. 44'58876 in. 25. 50/3 ft. ; 60/3 ft. 5 $0 3%. 
Additional Examinstion Questions. 
I. 
42. 619 uc. 43. 120 ft. ; 80 ft. 44, 50 mins. 45, Rs.35 7 285. 
46. Rs.2869 as.5 P.4. 
er ন 
65. 99: 15. 66. 8} in. 67. 1 ac. 68. 1120 sq. yds, 


OTT 


1658 Answers 


156. 2 ft. 1 in. ; 2 sg. fl. Rd in, 16. Lis 2s. 32. 
L 


17. 2400 sq. ft. ; So ft. ; 48 


VL 
37. 3120 sq ch. 
b FAG ~34+e4+ 4+ 4-4 a= ক 4-7 
39. 540 sq. in. 40. 600 sq. yds. 41. 49,47C 34. yds. 
VIIL 
25. 31125 sq. ft. 26. 4682 ft. 
IX. 
9. 162,463°9375. 
XI. 
16. 87} cubits. 17. 20 in. 
xX. 
51. 3 in. ; 9 sq. in. 52. 660 ft. 58. 0°7855. 54%, 1: c0500 
XIII. 
26. 19°07 mi. nearly. 27. ঃ sq. in. 28. 20m : 1S in 


29. 1003 ft. nearly, 
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